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ATOMIC HOMOGENEITY IN THORIA-URANIA ADVANCED FUEL

D. CIURCHEA*

Receiaed : December 14, 7988

ABSTRACT, — The paper deals with the influence of the processing varia-
bles on the atomic homogeneity of the (U, Th)O, system as studied by X-Ray
diffraction The expermental details and the numerical procedures used are
presented The physical mterpretation of the evolutions observed 1s discussed.
It appears that the gramn boundary diffusion 1s an important factor affecting
the homogeneity of the solid solution

Introduetion. Thoria-Urania advanced fuel is a promising future for the
heavy water moderated reactors The homogeneity of the mixed oxide fuel is
of prime impoitance to prevent local melting during power transients and to
allow the reprocessing of the burnt fuel, since pure Thoria is chemically inert
(1, 2, 3]

The homogeneity may be studied at different levels of detail . macroscopic,
by autoradiogiaphy , microscopic, by microprobe and atomic by X-Ray diffraction.

Among the X-Ray diffraction methods presented in the litterature [4, 5,
6, 7], the method of Rudman [4] seems to be the best suited for the Thoria-
Urania system, yielding quantitative data relative to the diffusion process. It
was successfully applied by Furuya et al. [8] by using the (620) reflexion of the
f.c c. structure.

In this paper we present the influence of the processing variables on the
atomic homogeneity in the ThO,—UO, system by using the (311) reflexion of
the structure and by using our numerical procedure presented previously [9].

Theoretical basis, The study of the diffusion process at an atomic level by
X-Ray diffraction is conditioned by some relation between concentration and
the lattice parameter. Then the diffracted mtensity corresponding to a given
lattice parameter is proportional to the number of unit-cells with that concen-
tration. This rationale may be speculated in terms of the diffusion theory to
yield the concentration profile versus effective penetration [91.

In quantitative terms, the number of unit cells with the concentration
between ¢ and ¢ - de, N(c), is.

Ne) = - /(8) )
where f(0) is the pure diffraction profile and
dd(c) 1
Q= —— @
(0, Wlefy + (1 — ¢)f2]1* 1+ cos?20

* Usnsversity of Clug-Napoca, Department of Mathematscs and Physics, 3400, Cluj-Napoca, Romansa
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Fig 1 The dependence of the latfice parameter versus concentration in the Thoria-Urania sys-
tem The specimens were pressed at larger pressures then in the other experiments described

where ¢ is the atomic fraction of UO,, f; and f, are the atomic scattering
factors for UO, and ThO, respectively, A(0, p) 1s the absorbtion factor, K

is a constant.

The pure diffraction profile, f(8) should be obtained from the experimen-
tally measured profile, A(6) by unfolding with a reference specimen [9].



The effective penetration, y, is
obtained as
J. N(c)de
y=1 3)
| N(e)de
0
Simce ThO, and UO, have iso-

morphous structures, the Vegard law is
expected to apply through the entire
range of compositions. This was chec-
ked by us by using pellets pressed at
large pressures and sintered at 1750°C
(see Fig. 1). Since Vegard’s law applies
to the system, dd(c)/dc in Eq. (2) may
be taken as a coustant.

For compliance with other authors
[8] the homogeneity parameter H may
be defined as the mass of substance
migrated through the Matano interface
reported to the initial amount, ie.
(Fig. 2):

H + H,
Co¥m + (1 — 6o)(1 — ¥py)

(4)

However, the Matano interface has
a specific definition,

[

\ O — e =

0

uy—yﬁﬂ (5)
\

which is conected to the effective dif-
fusion coeffictent Since this feature is
not speciffically used later in our study,
we have taken y,, as the same with ¢,
the itial concentration of UO,.

Moreover, mn Eq (4) H results
arbitrary umts Therefore, it must be
calibrated for 09 and 1009% homo-
geneity, respectively

C
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Fig 2 To the definition of the homoge-
neity parameter, H, mn terms if the concentr
ation profile
(c) final stages of the diffusion process.

(a) nttial, (b) intermediate;

Ezgerimontal. The UO, powder was obtained by the ADU process and ThO, powder by
oxalate calctnation UQ, and ThO, powders were mechanically blended in a ball mull for varions
time intervals The muxed powder was bilaterally pressed in a steel die at 2t/em? The samples
were smtered i the temgperature 1ange 1000—1800°C in reducing atmosphere.

The cpecimens cover the following processing variables concentration, sintering temperature

and mulling time,



Intensity

l
ThO, solid solution uo, ThO,  solid solution uo,

Experimental _Unfolded

Fig. 3 The evolution of the X-Ray diffraction experimental data with the simntering temperatfxre Smce the unfolded
profiles are smooth, without riples, the numerical procedure may be rehably validated.

VIaaInId *d
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Afte annealing, the specimens were polished to avoid the mfluence of the surface diffsion.

The X-Ray measurements were performed with a PW 1130/00 Plulips powde:r diffractometes
with vertical PW 1150/00 gontometer, a Cu FF tube and AMR graphite monochromator The (311)
reflexion of the oxides was chosen for analysis for counting statistics reasons since the numerical
proceduie 1s sensitive to this parameter [9] The reference sample was a pure UO, sintered pellet.
The data were collected at 001° 26 intervals on a HP 9830A computer By using a Tikhonov
regularisation procedure the unfolding was performed by the Stokes method The numetical proce-
dure was discussed in detail elsewhere [9] Fig. 3 presents the evolution of the experimental data
with the sintering temperature

As mentioned earlier, the homogeneity patameler 1s defined in relative terms Therefore as
0% homogencity samples, mechanical blends of powders were chosen Sintered coprecipitated sam-
ples provided 1009 homogeneity standards

The results of the experiments are presented in ¥ig. 4—7

Discussions. The decrease of the homogeneity with the UO, concentration
(Fig 4) may be explained sunply by using Fick’s fust law Along with neutron
economy considerations, this suggests that small UO, concentrations are pre-
ferable 1 the reactor design. Moreover, the linear decrease is a stiong support

100 .

ty [%]
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J
:

omogenei
o S
| ]

H

!
!
!
!
\

—= T
o 10 20 - 30
U0, concentration [%]

Fig. 4. The homogeneity vaiiation versus UO, concentration. The specimens were
sintered at 1800°C.
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N\

for a simple diffusion model in the formation of the solid solution, e.g. by
using Fick’s laws.

The increase in homogeneity with the sintering temperature (Fig 5) is
easy to predict. However, due to the small force used durmg the pressing
process, the saturation effect at high temperaturcs 1s less pronounced in our
data comparatively with Furuya et al [8] Since the results of the study
apply at an atomic level this feature stresses the strong influence of thé grain
boundary diffusion during the sintering proccss (occuring at a larger distance).
Thus, from the point of view of homogeneity only, a pressing force as high
as possible would be benefic. ‘

The homogeneity evolution versus milling time (Fig 6) with its saturation
effect may be further understood 1n relationship with the efficience of the mill,
i.e the dependence of the grain size (crystallite size) veisus milling time The
similar hardnesses of -the two powders allow {his fuither processing of the
data. The results are plotted in Fig. 7. This linear dependence clearly demon-
strates the role of the grain houndary d1ffu510n in the.formation of the solid
solution.
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F1g. 6 The homogenerty variation versus millmg time The specimens were sintered at 1800°C.

The obtained evidence that the grain boundary impedes the diffusion may
be eventually used to remove the mncertitude left in the theory that the effective
penetration 1s given in rclative terms, Eq. (3)

An appropriate study by micropiobe of the specimens could 1evcal a cor-
relation between the gramn size and the maximum effective penetration, y = 1.
If such a study will be successfull, the results may be used to the calculation
of the effective diffusion coefficients and to the evaluation of the proper 10le
the gramn boundary diffusion plays

Conclusions. In this papcr we have successfully used X-Ray diffraction
data and a performing unfolding procedure to obtain a quantstative esti-
mate of the homogenetty in the system ThO,—UQ,. This was possible since
the two substances are 1somorphous and the lattice paiameter obeys Vegaid’s
law

Without qualitative alterations in the results some simplifications may
be applied comparatively to other authois [8] the use of the (311) reflexion
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Fi1g 7 The homogeneity variation versus effective crystallite size The plot was obtained from
that in Thg 6 by taking into account the mill efficrene

with better statistics, one can avoid the effective calculation of the Matano
interface.
The important role of the gram boundary diffusion is evidenced, suggesting

the mneed for further woik by complementary methods to evaluate this con-
tribution.
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THE TESTING OF GRAVITATIONAI, EFFECTS USING A LINEAR
GYROSCOPE

Z. GADOS*

Recewwed : December 10, 1988

ABSTRACT. — The study is focused on the gravitational effect of a 1otating
mass, distribuled on a sphetical surface, 1n the domamn near the center of the
sphete Testing of the gravitational effects can be peiformed using a gyroscope
consisting of two material pomts with equal rest masses and invariant distance

1. Expression of the Lagrangean., We consider that the rest mass M, is
uniformly distributed on the spherical suiface of radius A4, and this sphere
has a nonuniform rotating movement around a {fixed axis which crosses the
center The quantities of the studied system are given in the laboratory sys-
tem K which has the origine in the center of the sphere denoted by 0, and
on the other hand in the system K’, associated with the gyroscope, and with

the origine O’ in ils center. The angular velocity ﬁ(t) of the sphere, the posi-
tion vector X of a point from the surface of the sphere, the position vector
;, and the translation velocity 2 of the center of the gyroscope are quantities
defined in K, and the angular velocity w of the gyroscope as well as the posi-

tion vectors ;0, 1epectively — ;0 of the materials pomts of the gyioscope (cach
of them with the rest mass 1o/2) are given m the system K.

We will be satisfied with a second order approximation, in the domain
near 0 we can write

X =% == A1 (&, B w) — o (5 )+
2D X T wp ] M)

If we consider that due to the relativistic combination of the velocity K

given in K and of the velocities (5 % ;0) and —((; % ;0) respectively given
m K’, we obtain the square of the velocity of the material points of the gyro-
scope 1 K as

v%=[ quﬂﬁﬁitxaw——@Mx%ﬂ_ @)
14 ; (v, ©, xy)

T Unsversily of Cluy-Napoca, Iagulty of Matcomatses and Physics, 5400 Cliy-Napoca Romania
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and using the Fock-Fichtenholtz Lagiangean, in the framework of the consi-
dered approximation, we can write -

L=+ 24 Do 14 22— 2t Lo X
2 202
X Lo, — 22 (o, %, 0) + 222 2 2 (1 — —) + mghAQ? +
02
MmN o, O\ med Py — O\2
+ 22 [0 — 3(x, GP] 4+ 2 (202 — 3(x,, O] — 3)
mgh D % 4
2 (@, %, 0) — 2 T, Q,
where
A= 2 » Iy = ’71'0(;%311 — Xpiy)- (4)

2

2. The Equation of Motion, Let us consider the third axis of the system
K in the direction of Q (thus Q has the components O, 0, Q). The third axis
of the system K’ will have the orientation of x, If the position of the system

K’ to K is given by the Fuler angles &, ¢, ¥, the components of P and';c’0
are

o cos W+ psind sin®, dsin¥ —osind cos ¥, ¥+ pcosd), (5)

-
Zo(xp sin & sm ¥, —xsin 9 cos ¥, x,cos ).

Using (3) from the Euler-Lagrange equation

JaL d (oL
3—1—; o (a;"l) 0 (6)

we obtain the equation of motion wich describes the tranmslation of the gyio-
scope

d e 8y 2 =, 4n 2 ,
H_707grad(lf)—}—sg(Q-%'U)"*—Q(Q’“‘): (7)
where
= a2 4 % — 23 (8)

Taking imto consideration the equation (5), the Fuler-Lagrange equation
which describe the rotation of the gyroscope can be written as

d { OL oL JL
Et‘ ( } = Eyp ((1)_7 a + Xoy —‘J . (9)

do, Oxgn
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Using (3), (9) and the equation

al
EE = Ly + €hmOxLomis (10)

we get the equation of motion which describes the rotation of the gyroscope
as

. 43 42 . Py a0
L,0, = = gl Q — I1,Q 2= 2,7, . —
L aat] 34 jk?}lkml]+3A Y J+10A 1P0k3"of
' 42 01y,
— — gup — % 0, 11
a4 ikp 31’01: rm ( )
where
O = 5, + gy — 2x§3 (12)

The obtained results can be generalized for the case when the gyroscope
presents symmetry to a point

3 Conclusions. The calculations [1], [53], [6] performed up to present
have becn performed for a punctiform gyroscope, or for a spherical homoge-
neous gyroscope

¥or the linear gyroscope we reach the above conclusions concerning the
translation and rotation motion

The equation of motion (7) valid for the translation of the center of gyro-
scope 1s identical with the motion equation obtaied for a spherical and puncti-
form gyroscope

The equation (11) obtamed for the rotation motion is more complicated,
hecause, this equation contains components of the tensor of mertial momen-
tum Between the contributions wich gives rise to a change in the rotation
motion of the gyroscope are-the coupling of the rotation moments due to
the rotating sphere and the gyioscope, the quadratic traimning effect given by
the rotation of the spheie as well as the training effect given by the non-
uniform rotation of the sphere,

From the equation (11) we can eluninate the rest mass of the gyroscope,
thus the equivalence principle concerning the translation motion (the insensi-
bility concerning value of m,) can be generalized also at the rotation motion.

The magnitude of the relativistic effects is given by A/4, Q, Q and I;OI.
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RECTANGULAR WAVEGUIDE IMPATT OSCILLATOR DESIGN

LINDENMAIER J*. and D. STANILA*
Recevved : January 12, 7989

ABSTRACT. — The paper presents a complete analysis of a microwave oscilla-
tor in rectangular wavegmde, using an IMPATT device' The IMPATT diode
1s fixed m the wavequde by means of a metallical rod The diameter of this
rod mfluence the frequency of the oscillator. We have performed both a theo-
retical and experimental analysis of the oscillation frequency as a function of
the rod diameter The results show a good concordance between the theory
and the experiment A computer program 1s also presented.

Theory. The frequence of the oscillator may be determined knowing the
parameters of the wavequide mounture. The driving point impedance of the
mount has been' determined by the extention of the induced EMF method of
Carter [1], developed by Fisenhart [2] Such a monture in a general case is
shown in Fig. 1

., The post mount equivalent circuit, for the H,, mode is shown in Fig. 2.

"'The components X; and Ygp have the followmg expressions :

=3 Zmo(K"'") (-2 (1)

M=l a
1
Vap = () 3o . @
m=1 E Zoin ( Pm ) .
thmal gn
Y S o o~ Z
) W :
] KA
b g R
' g
-t
N h,' AR - 2xY
- B Y ; I ’ rp
- , X .
2 a .
F1g. 1. Post mount. , F1g 2. Post mount circuit for

incident H,, mode.

* Universsty of Cluj-Napoca, Facully of Mathematies and Physics, 3400 Cluy-Napoca, Romania
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where

b K — K
Zmn =0 3 :; 12 (3)
ak (2 — 3,)(Kx+ Ky — K?)

is the impedance of the H,, mode,

K, = sin K,S ( = "m]

is the post cupling factor,
K,, = cos K4 (—Sir;;‘)”)

n

is the gape coupling factor,

2 b nw
K== K=" K,=-
1 for =0
0 for n#£0
__ mTe _ nrg
Om = 22 ° "

and 7 is the wave impedance.

In this way the equivalent circuit for the oscillator reprezented in Fig. 3
becomes as shown in Fig. 4.

In Fig. 4 Z, represents the equivalent impedance of the waveguide with
the shortcircuit in the right side of the IMPATT device. Z, is expressed as:

Lo = ]ZO tg EL (4)
where

b 3
Z,=2 77

N
@ o
S e By
Q IM\PATT device h short T T TZXer

Fi1g 8. Scheme of the wavegunide oscillator. TFig. 4. General reprezentation of the equiva-
lent cicurt.
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0.6nH is the characteristic impedance of the

' waveguide ; Rpis the negative resis-

tance of the junction; Cp junction

. capacitance ; Lg wire inductance; Cp
case capacitance.

t

~-20 XL At L = % , Zs, becomes o0 so that,

knowimng the diode parameters, the

52pF ==0, = Y new equivalent c1rcu1t becomes as
0.52p 0.3pF F.ZX rp  shown in Fig 5. ;

The impedance of the active de-
Fig. 5. Practical equivalent circuit "vice Zp has the following expression :

_ = XplRp + 5(X, — Xp)]
Rp 4 3(X; — Xp— Xp)

From the resonance condition [3] I,,,Z ’p = Xy + Y we obtain the frequence of
the oscillator

Exgeriments. Such an oscillator may be seen in photographs 1 and 2
The theoretic calculus of the osallation frequencis has been obtained by means of a com- .
puter program, grven i Appendix, for different diametervalues of the rod.

The oscillator has also been experimented with seven rod diameters, The theoretical and
experimental results are given m Tab 1

Tab I
D © s g h Bitheor Fepp
(10-°m) ' (10~°m) {(10™3m) (1072m)  *(10~3m) (GHz) ' (GHz) '
2,7 5 11,35 2,4 1,2 9,48 9,12
3 5,4 11,35 2,4 1,2 9,7 9,35
3,3 6 11,35 2 1 9,9 9,26
3,5 6,3 11,35 2,4 1,2 10,3 9,8
4 7,2 11,35 2,4 1,2 10,9 10,45
4,2 7,56 11,35 2,4 1,2 — -
45 8,1 11,35 2,4 1,2 11,46 11,1
5 9 11,35 2,4 1,2 12,4 12,2

A =227 10-°m, B = 10,2 10— m

Conelusion. From Table 1 it can be seen that, the theory previously descri-
bed is in agreement with the experiment. The small differences between the
theoretical and experimental values occur because of the following iacts.
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Photo 1, 2

1. The parameters of the immpATT diode strongly depend of the bias cur-
rent

2. The equivalent circutt of the 1mparr diode is a simplified one.
3. The resistive loss of the metallical rod has been neglected.

APPENDIX
1 REAL I, KP1 KPM KGN , .
2 DATA AJO 02277.BJ0 0102/ S[0 01135/
3 NR=0
4 1 READ(105,3)W G.H
5 3 FORMAT(3F7 5)
6 PC=3 00E+08/2/A
7 WR TE(108 10)A B SW G 1
8 10 FORMAT(5X A= F755X B= .1755X. S= Fr5//
9 *5X .W=.F755X%X G= F755% H= F75/ [|) ,
10 WP=W/A
11 PT=3.14159
12 KP,=SIN(PI% S/A)*(SIN(PIx W/[2[A)(PI*W/[2/A))
13 F=8 OE-+09
14 20 CONTINUE
15 XL=0
16 YR=0
17 DO 30 M=2 30
18 N=0 ‘
19 ZMN=FZMN(AB PIM N P)
20 KPM=FKPMM A S W PI)
21 XL=XI+4ZMN% (KPM/KP1% % 2% (1—WP)
22 30 CONTINUE ‘

23 DO 40 N=1.30

24 Z=0

25 DO 41 M=1 30

26 ZMN=FZMN(A B PLM N)
27 KPM=FKPMM A S W PI)
28 KGN=FEGN(N.B G.PI H)

2 — Physica 1/1989
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18
29 Z=7-7ZMN % (KPM/KGN)* % 2
30 41 CONTINUE
31 YR=YR+41/Z
32 40 CONTINUE
33 YRP=KPlx %k 2%k YR
34 DIF=XI141/YRP/2
35 WRITE(108.50)F AL YRP DIF
36 50 FORMAT(S8X F 18X XI, 15X TRP UIFR.//
37 *1X E14.7 4X.E14 7.4X.E14 7 4XE14(//)
38 IF(F GE 12 OE4-09)GO TO 70
39 F=F401E+09
40 GO TO 20
41 70 CONTINUE
42 NR=NR+1
43 IF(NR LE 6)GO TO 7
44 STOP
45 END
1 FUNCTION FZAMN(A B.PLM N F)
2 REAL I,
3 L=>3 0E+08/F
4 ETA=3770
5. IF(N EQ O) GO TO 700
6 DO =20
7 GO TO 110
8§ 100 DO=1 ~ :
9 GO TO 110
10 110 CONTINUE i ) )
11 FZMN = (ETA % B % (2% P4 /L)% % 2— (N % PI/ )k & )/ (A% 2% P)
12 *(SORT((Mx% PIJA)% % 24 (N PI/B)% % 2— (2% PI/L) % % 2))
13 RETURN
14 END
1 FUNCTION FKPM(M A W PI)
2 FEPM=SIN(Ms PIx S/A)% (SIN(Mx PI% W/2)/(dM sk PIx W/2[A
3 RETURN
4 END
1 FUNCTION FKGN(N.B G PI M)
2 FRKGN=COS(N s PI% H/B)* (SIN(N % PIk G/2/R))/(N*x Pk G/2/
3. RETURN
4 END
MODULE F MUATA TYPE P LONGUEUR 0558
MODULE FZMN TYPL P LONGUEUR ' 0180 .
MODULE  FKPM TYPE P ILONGUEUR  (00D0
MODULE  FKGN TYPE P IONGUEUR  00DO

W o=

. P
. R.
7

ot !
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ON THE EVALUATION OF HIGHER ORDER ACCELERATIONS IN A
MOVING SYSTEM OF REFERENCE

CONSTANTIN TUDOSIE*

Recewed : January 12, 1989

ABSTRACT. — The object of the present paper is to evaluate moduli for
higher order accelerations i a moving system of reference 1n a moving point
trajectory in E; T'or rectilinear trajectoris, Taylor formula expressible in terms
of integrals 1s deduced 'and used

1. Introduetion. The very rapid evolution of the phenomena, where higher
order accelerations occur, and, consequently, at the same time very high velo-
city, has oriented the scientific researches towards a higher analysis, both from
the theoretical as well as from practical point of view. In a previous paper
[5], I have investigated these accelerations by considering them as vectorial
quantities.

. In the present paper 1 resume their study with the purpose of d1scussmg
their behaviour with respect to a moving reference system.

2. The intrinsic kinematical aspect Let be %, ¥, B the unit vectors of an
intrinsic orthogonal reference system in the moving point P of a trajectory
in Ej; The derivatives relatively to the tume of these unit vectors are

$=35CV, v=3§(— C3+ TP), B=—5Ty, (1)
where s = s(f) is the equation of motion of the considered point, C the trajec-
tory curvature in P, and T the torsion of the trajectory in this point.

It is well known that the vector velocity of the moving point may be
written in the following way

7= o(t) - T(#). 2)

Further, in order to set out a correspondence between the order of the

accelerations and the order of the derivatives, we shall call the vector velocity

7 zero-order acceleration, its time-derivative ¥ first-order acceleration and the

)
vector ¥ for 7 > 1 higher order accelerations.

By taking in (2) the first two successive derivatives, we obtain the expres-
sions

7= 9% -+ 12C v, (3)
7= 9% + 207 —{-\'v % 4)

* Polytechmic Instibute of Clwy-Napoca, 3400 Cluy-Napoca, Romama
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Or, the second order derivative of the unit vector = is

7= @a(£)T + wy(t)V + &y (t)ér (5)
where
05(t) = — (v P, () = (v €)', ey(t) = o°CT
By virtue of (1) and on substituting (5) mto (4), we get
U = folt)F + &2(t) + Ma()B, (6)
where

foll) =1 — 13C2, go(t) = 3v v C + v2C, hy{f) = v*CT

With regard to the notations from (6), 1t follows, immediatly, that the
vector acceleration of i-order 1s

B = £)F + g5 + hOB, (7)
(=128 ..

In accordance with the previous expressions (2), (3) and (6), the zero-
order acceleration 1s directed parallel to the tangent of the trajectory, the
first-order acceleration lies in the osculating plane of the trajectory, whilst
the accelerations corresponding to 2 > 1 constitute a system of concurrent
vectors 1n space in the moving point on the trajectory, each of these vectors
possessing certain position with respect to the reference frame of Frenet

With the same relations as in (5), the time derivative of order 1 + 1 of
the unit vector T may be written under the form

(410

T =gt ()F + 01 (07 + 1 () B. (8)

3. The method. According to the Leibmitz formula, the vector accelera-
tion of order ¢ has the cxpression

Q] * (3—E)(%)
a:gﬁ 0%, (=123 .. ©)
k=0
where
& ok to < _
F= 3 T (0) = gou, 5) Tosa(s) ds, (10)
o=0 c

0
with the notations
(ko) (+1) ek _
T =Tl F=Fa, Qb =CTlo (k=012 L)
1 —
For k=0, the expression (10) becomes

t
1

F=3 % 05+ | N mnl) b (11)

Gg=0 ol
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whete

N, s) = L=

tl

Now, by substituting (10) mmto (9), we get
¢
) 1 (s—E) 1~k o
v = E(;) v [Z Fayo (0) 2 +SQ(t, $) Tip1 (5) ds]. (12)
a=0 5

£=0 ol

On account of the inmitial conditions |

” (9 ( (
v(0) = 2(0), 9(0)=e(0), @(0) =(0), =(0)=5(0), =0, 1, 2, ),
the expressions “of the vectors 7,(0) and %u46(0), in the reference system %,
v, B are the following
Za(0) = 94(0)F + 04(0)v + 24(0)B, (13)
Tt o(0) = 9446(0)T + a1 (0)Y + 2140 (0)B (14)
If »(t) 1s a given function, we may write down the equation
!
(—H)
SK va(s) ds=F(t), v=o0_ (—k=123 .. (15
’ \
where
1—k—1 Lt o
K, s) = =97 () =v(t) — 3 u,(0) 2
(r — & — 1)1 a=0 ol

The above equation (15) 1s a Volterra linear integral equation of first
kind (4]

Recalling (8) and (13), we see that by scalar multiplication of the vector
equation (11) separately qith %, v and B it results the following three scalai
ntegral equations

200 S [V 5) g (9)ds =1, (1)
2’%(0) 24 SN(t, s) wy1(s)ds =0, (17)
e (0) £ (N9 eilas =0, (18)

By introducing the notations

=1- 2‘?0 ——I’ ‘Fz(t) 20.)0 ‘_': 250(0 3"

6=0 g=0 gm0
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equations (16), (17) and (18) become

:

SN(t, S)ev(s)ds = ¥y (e), (19)
SN(t, S)orri(s)ds = W), (20)
SN@@%MWk=TN) 1 (12)

On the other hand, by resorting to the relations (7), (8) and (14), after
separate scalar multiplication of equation (12) with %, 3 and B, we obtain

70 = 5[} VS e O£ +{ 0, oty S
a0 =)V [ L0 5 +{ 0t o s e

halt) = 2( )“ [z eis0(0 —+§Q(t, Dern (s)ds}, (=12, 3,...). (24)

The functions f,, g, and %, permil us to determine the modulus of the
higher accelera’uon of order <

Bol=tpw g0 R0r. =28 00 e

The equations (15), (19) and (22) togethc coustitute a system (S;) of 3¢
equations with 3¢ unknown quantities

f8), o), viit), =1, 2, 8,...), —k=1,28,...).

The equations (20) and (23) togethc: represent a system (S,) of 27 equations
containing 2¢ unknown quantities

g,(t), (’)1+1(t), (7« =1, 2, 3,.. )

The equations (21) and (24) constitute a system (S;) of 22 equations with
2¢ unknown quantities

), el) G=1,2 3,...).
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4 The solution of the system (S,;). An appioximate solution of the sys-
tem ol equations (S;) may be determined by a method of numerical integration
[2] If we apply 1 the interval [0, #), ¢ > 0, the quadrature foimula

g

Sf(s)ds ~ aff(w), B=123 ..., m),

v=1
0

where f3 = f3, 3 = L the system (S;) becomes a system of 3mi algebraic
mn

equattons with 3me unknown quantities

F(fg) — 8 zﬂ: K(tg, v8)v,—5(v8) =0,
8
JTWM—SQN%NWM@M=Q -
s Tk 1—h a B8
7 = 357" 0] 2 0000 97— 5 3305 vBleusat)| =0,

yme

\(¢=1,23...), f=1,m.
These unknown quantities aie the following

fi(8), £u28), .. L filt), 9ua(8), @i4a(28), s @ura(ty), wia(3),

v,-5(23), ., v-x(ty).

(0
The modulus of the acceleration 7 in the points f#; is

i1

|50 = [f20) + gitts) + H2ltp)]

)=

,(=1,23,..).

The solutions of the system of equations (S,) and (S;) can be determined
in a similar way.

a. The ecase of rectilinear trajectory. If the trajecloiy is 1ectilinear, we
have

T = const 3 g;(t) = 0; h;(t) = OJ ft(t) = U,(t),
and (7) becomes

®
7 = 7,(})7. 27)
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The zero-order acceleration is given by the Taylor formula expressible
in terms of the derivatives

n—1

off)= 3> 2 (1 — ) 4 o) LB (28)

=0 ! nl

where
E=t+06(—1), 010, 1).

As we see, the Taylor formula contains all the derivatives with respect
to the time of the function v(f) 11 a certamn pomnt £, and namely from the
derivative of zero-order till that of order n, this means that the Taylor for-
mula (28) contains all the accelerations at the time #;, corresponding to 2+ =
=0, ,#n— 1 as well as the last acceleration v, at the time

Our aim is to establish in what follows for the Taylor formula an expression
in terms of integrals.

Let be the Taylor formula expressible m terms of derivatives [1]]

W) = 3 B0 ¢ gy ) =8 (29)

sm0 ! n!

()
where we have set #{f) = #[t).
Taking into account the initial conditions

()
#(0) = »,(0), =0, 1, 2, 3, , n 4+ 1),
we have
t
wlty) = Fo_i(ty) + Ss,,_,(tl, tpils)ds, - (30)

0

with the notations

H—1

C1
E u;+o "—l" 5

o=0

S”_,’(tl, S) —_ (tl — 5)”—1,

(00— 2)!

We also have

£
4 (E) = 1,(0) + S U3 () ds. (31)
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Now, on substituting {30) and (31) into (29) it results Taylor formula .
in terms of integrals

1=( 1

n—1 h )
ull) = L S Pt + { Suslis odls) 35] +-

0

¢ — 1)

nly

+ [mm+@mwﬂ, (32)

0,
E=1t 4 68(t—1), 6= (0,1).

In contrast to the formula (28), whichr<involves the # 4 1 accelerations
of all orders from zero to #, the last formula (32) contains only two accelera-
tioms, that is the acceleration of zero-order and the acceleration of order # 4 1
With the purpose of determining their expressions, we introduce the socalled
“function of direct connection” w10 (£), by writing down the equation [6], [7]

. Hot1(f) = ©up10 (8) #(2) . o (33)
By substitution of (33) into (32), it gives
n—1 ! L T
lt) = 35 LTI Fu ) 4 ( Sumalin SJoniio15) - wl)ds] +

@nsiofs) - uls)ds] (34)

S lwr ™M O

+ 0 [ (0) +

The' equations (32), (33) and (34) together represent a system (A) of 3
equations with the 3 unknown quantities

u(t), tns1(f), @niro(8).
The constant w,y19(0) is determined from (33) by putting there ¢ =0,

that is
@nt10 (0) = #,11(0)  [2(0)] 7L

One obtains the approximate solution of the system (A) by applywmng the
known method of numerical integration [2]. ‘
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ON HIGHER ORDER ACCELERATIONS IN THE NONLINEAR DOMAIN

CONSTANTIN TUDOSIE*

Recesved : January 12, 7989

ABSTRACT. — In this paper a method of deduction of the accelerations of
any order 1s given when the differential equation describes a very fast pheno-
menon, with a lugh degree of nounlinearity. The method was named by the
authora division method”.

1. Introduetion. The natural phenomena, in their complexity, manifest a
nonlinear behaviour. Consequently, a linearization procedure is adopted in order
to reduce as far as possible the mathematical difficulties of the-nonlinear pro-
blem under investigation.

However, as a result of the linearization procedure the structure of the
differential equations itself undergoes a modification, that leads to the loss of
certain qualitative features in the imathematical desciiption of the evolution
of the considered phenomena. Or, if the evolution of these phenomena is a
very fast one, the order od the differential equations 1s higher, so that the
solving of the problem becomes still more difficult.

In the present paper we give a method to deternune the accelerations of
any order in the case when the considered differential equations describe a
very fast phenomenon having a higher degree of noulinearity.

2. The method. Let be the following nonlinear differential equatlions fiom
the domain of phenomena with very fast evolution ) )

" (%)
Eaz(t) - Zoper = A(f), (1)

1=0
together with the following initial conditions
® ®
2(0) =%y, =0,1, ..., n—1),
where

() (3}
Xopy1 = [xl]%""‘, (P <= N, leEd)

With the view to determine all the accelerations appearing in (1), we
will apply a method, that we have named “the division method”. Further,
in order to introduce a consistent notation, we have called x the zero-order
acceleration, # the first-order acceleration, £ the second-order acceleration and
we have named the acceleiations for ¢ > 2 the higher-order accelerations [2],
[3], [4], [5], so that the order of accelerations corresponds to the order of
derivatives.

* Polytechnic Insttute of Clug-Napoca, 3400 Clur-Napoca, Romgunig
B
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Next, we introduce the functions ' L
Wyzpr1(t) = [o,@) ]2, (1=0,1,2, ..., n),

called “division functions”, we can write down the following equations

(—1)

O] .
(l.(t) * Xop41 (t) = 0y, 2P+1(t) . A(t), (1 = 0, 1, 2, [P ﬂ).

By substituting (2) into (1) we obtain
"
oo zpia(t) = 1.
1=0

Or, from (2) it follows

(a?(t) —o) () - AT (=0, 1,2 ..., ).

Then replacing here ¢+ by 2 — 1, we get

0 = o () e () - AT

Taking the 1atio of (4) and (5) and integrating afteirwards, we get

(-1)

% (0) = % explgm:.‘l (), () [rs (5) @ <s)]‘2f'+"“ds], (1=1,2,3, . n)

0

27

(5)

(6y

The equalities (3), (4) and {6) tc;gether répresent a system (S) of 2 (n+1)
equations with 2(# -+ 1) unknowns. ,

These unknown quantities are

()
x, O, (12'0,)1; 2, PR n).

«). The case A(t) =0
If A(t) =0, the equation (1) takes the form

”n 0} -
> aft) - xpi = 0.

1+=0 '
By introducing hete the following “drvision functions”
81, 2}"+1(t) = [st(t)]29+l,, (i = 1, 2: 3) LS | n);
obtain the equations

®
a,(t) * Xopt1 (f) = &, 2p+1 (t) ’ x(t), _('l = 1, 2, 3, ey n)

For ¢ = 0, this last equation becomes
ag(t) + %2p(t) = eo,2p41(¢) D ¥
Now, substituting (8) into (7), it results

3 e 2p41(f) = 0.

$=0

()
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On the other hand, one obtains from (8)
0] -
2(0) = o) [a7 @) - 2%, (=123 .., m), (11)
and replacing here ¢+ by 2 — 1, we get
(—1) _ —1
% (t) = s (O[a (t) - ()]0, (12)
By taking the ratio of (11) and (1Z2), then performing an integration, we
obtain

t
(1—1) (+—1) —
x (f) = %, exp {g s,'_ll (s) z,(s) [a,_l(s) a,_l(s)]m’“) 1}, (:=1,2,3, ) (13)
0
The equaltties (9), (10), (1

(
2(n 4+ 1) equations with 2(n 4-
of this system are

1) and (13) together represent a system (Q) of
1) unknown quantities The unknown quantities

(%)
x g, 0=0,1, 2, , 1),

3. The solution of the system (S). An approximate solution of the sys-
tem (S) of the 2(» + 1) equations (3), (4), and (6) may be derived by a nume-
rical integration method as follows We will namely apply on the interval
[0, a], a > 0, a numerical method similar to that of the polygonal lines method,

that is to say we will divide this interval by the points £,=£%3, §= 2 k=1m

m
and we will take into account the quadrature formula

Sf(s)ds ~ SZk;f(vS), k=1, 2, . , m) (14)

Now, if we write down that the system (S) 1s verified for £, = k3, and
use (14) for the approximate evaluation of the intcgrals, we obtam the follo-
wing system of 2m(»n -4 1) algebraic equations with 2m(» 4 1) unknown quanti-
ties,

[ »
E‘ﬂ.,sz (3) —1=0,

<(;c)(k8) — o (E3)[a \(ES) - A(RS)]®TV =0, (+1=0,1,2 ., ), (15

(3—1) (+—1) k —_
% (k8) — o eXp{B S ok (48) 6,(8) -[a,; (49) @7 (48)] 7+ ‘}=o,

v=1

=123 ...,n), k=12, ..., m).
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The unknown quantities mn this system are

() (3) ()
x (3), x(23), , %(a),

0, (3), © (28), . o (@), (=0,1,2 . ,n).

()
The values of the constant x, result from (1) if we set there =0
(n)

Gl [40) - 5 40) - Fans0)] }‘2“”_1

The constants w, (0) are obtamed {rom (4), for =0, (¢:=0, 1,2, . , n).

0)1(0) = (5\7‘)0[(1‘_1 (0) . A(O):I——(zp_(.l)—l

+)
The diagrams representing the variation of the functions x and w,, built

up through the pomnts f,, give the approximate evaluation of the solution of
the system (S) on the mterval [0, a], a >0

The numerical values of the solution of the system (15) may be obtained

by using a known method [1]

1o —
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ABSTRACT. — The free carrter concentration of PbSy,5 Sey,, monocrystal-

line semiconductors 1s determined by 1/f noise measurement method and the
result 1s compared with that obtained by Hall effect mvestigations The method
was also applied to PbSe polycrystalline films that obey the Hooge— Vandamme
relation. In order to obtamn the free carrier concentration for polycrystalline
materials, additional electrical resiStivity vs temperature measurements are
necesary. The method 1s very useful 4n the case of semiconductor with high
electrical resistivaity and low Hall mobility:
|

1. Introduetion. In an infrared detection system, as in any information-
transmitting system, spontaneous fluctuations, that are called noise, impose
the ultimate limit on the transmission of mformation This is why the electrical
noise 1s largely studied and now a rather well understood phenomenon.

In the particular case of infrared detectors based on lead chalcogenides
semiconductors, we can list as typical noises:the Johnson noise, the shot
noise, the generation-recombmation noise, the photon noise and the 1/f noise,
the last type of noise being dominant at usual temperatures and low enough
frequencies (f <1 — 10 kHz) [1, 2]. . .

The 1/f noise manifests itself as fluctuations in electrical conductance and
it is named -1/f after its spectrum -

S(f)~—;7; K=x1 (1)

The conductance fluctuations of an ohmic sample can be measured as
voltage fluctuations when a constant current is passed thiough the sample or
as current fluctuations when the voltage drop across the sample is kept con-
stant, so that one can write (3):

Sif) _ Svl) _ Sel) _ Sel) _ Cur (2)
n & R G* f
where I, V, R and G represent the current through the sample, the voltage
drop across the sample, the resistance and the conductance of the sample,
respectively, and S,(f) (¢ = I, V, R, G)isthe corresponding fluctuation spectrum
Cys is a number which 1s a measure of the relative noise of the sample. It
was empiricaly found by Hooge [41] to be

Cuyr = %’ 3)

* Institute of Isolopsc and Molecular Technology, Clug-Napoca 5, P.O. Box 700, 3400 Cluj-Napoca, Romama
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where oy is a dimensionless constant with a value of about 2 - 10—2 and N
is the total number of charge cariiers 1n the sample
Combining (2) and (3) one obtamns the Hooge—Vandamme 1elation [57].

Sol f) . o’y 1 (4)

where » is the free carrier concentration and V., is the effective volume
depending on the sample gcometry.

For ihe infrared devices (detectors or diode lasers) based on lead chalco-
genide materials the carrier concentration s a very sensilive paramecter to the
method of preparation and to the thermal anncaling processes On the other
hand 1t determines the final performances of the device

Unfortunately, for the polycrystalline semiconductor films used as IR
dectectors (PbSe, PbS, PhTe) the usual Hall effect measurement 1s very diffi-
cult to be performed m any dc or ac setup because of the high electrical
resistivities (1 — 10%£Q), low Hall mobilities and large asymmetry voltages (orders
of magnitude larger then the Hall voltage).

In these conditions a method using Hooge—Vandamme formula that does
not mvolve experimental difficulties 1s to be prefered.

In this paper we extend the application of Hooge— Vandamme rclation
to polycrystalline films (section 2) and, based on this relation, we determmed
the carrier concentiation for PbSSe monocrystals and PbSe polycrystals from
1/f noise measurements (section 3). Some concluding remarks are presented
m section 4

2 Theory, Starting from the relation (4) one can obtain

S — «rr - I*R2 .
) = (5)
with
—_P (6)
enp
where P = 1/S 1s a geometrical factor and p is the actual mobility of the
sample
Using (5) and (6) we obtam.
1
_ o l3p ]E
[f Sulf) - Veff st et (7)

If we put in (7) V.=V, and p = y,, where V; is the volume of the
sample and py is the mobility due to pure lattice scattering, we can apply
the relation (7) to determine the carrier concentration for semiconducting mono-
crystals

For polycrystalline films the 1elation (7) presents two different features:
(¢) » 1s 1educed by an exponential factor due to the intercrystalline barriers
[6, 7], so that:

_E (8)
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where E, represents the energy of the intercrystalline barriers and V,; can
be different from the geometrical volume of the sample V. Using Bube’s
method [8] we determined

1

([rav)®
%8
Veff = = 1+v Vsl (9)

ST fyav
vV

where 7 is the total' cufrent density through the polycrystalline film and v
15 a dimensionless parameter equal to ‘the width of the intercrystalline region
to the width of the crystallite ratio ' '

Y=

e

(10)
Usually [6] 1, €1, and V2 V.. y
Using (8), (9) and '(10) mn (7) we obtain for'the carrier concentration of
a polycrystalline semiconducting film .
1 2E

_[_oul* B 1° @7 11
n_[f'stf(f)Vse’P-i] ¢ , a1

<o

)

©

The relation (11) points out the fact that only the measurement of the
spectrum of the voltage fluctuation, Sy(f) is not enough for determining #,
additional electrical resistivity vs temperature measurements bemng necessary
in order to find E,.

3. Experimental. The noise measurements are performed on two lead chalcogemde types of
matertal (1) a PbS,,. Se,,; monocrystal of 6 X 25 X 07 mm?® and 3Q electrical resistance and'
(i) a PbSe polycrystaline film obtamned by chemucal orgamic deposition [9]fof 15 x 1 x 1073
mm*3 and 45 kQ electrical resistance The electrical contacts were evaporated gold and the wires

were soldered with silver paste
— ' ' The: samples were placed 1 an electrical
i circuit represented in Fig. 1, where the load resis-
’-L tance Ry 1s almost one order of magnitude hig-
her then the sample resistance in order to ensure
Q a constant current through the sample:
t '

The spectrum of voltage fluctua-
tions, Sy(f) = U? noise/Af, was mecsu-
b red with a Unipan 233 selective na-
) novoltmeter with a selectivity «1 36
UL Uﬂmgg dB, in the 10—10000 Hz ircquercy

I ~ range.

- The results are plotted, in Fig. 2
— and 3.

Fig. 1. The electrical crcuit used for 1/f As one can see from figs. 2 and
noise measurements. 3 the samples present, in this fre-

—on<lw
!
|
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Fi1g 2 The voltage nowse spectrum vs fre- F1g 3 The voltage nowse spectrnm vs fre-
quency for PbS; ,5e 5. quency for polycrystalline PbSe film.

quncics range, a conductivity noise spectrum of 1/f type, the anomaly obser-
ved at around 100 Hz {or PbhSSe being probably due to generation-recombina-
tion noise [2]

Using the results from Fig. 2 1 the relation (7) we obtain # = 1,4 .
- 107 cm—3 for the momocrystalline PbS;.5 Seggy.

For this sample the result is easy to be verified by Hall effect measure-
ments Passing through the sample a current of 1A at 0,69 T magnetic field
we obtained a 1,8 mV Hall voltage which means #» = 5,2 - 107 em—3. This
result is in rather good agreement with that obtained from 1/f noise measure-
ments

In order to determine E,, and to use the relation (11) for obtaining the
carrier concentration for polycrystalline PbSe films, electrical resistivity vs.
temperature measurements were performed imn a standard configuration [104,
using a cold finger refrigerator system, in the 120—320 K temperature range.
The results are presented in Fig. 4.

Using the results from Fig. 4, and substracting the T—52 dependence
of ur [11], we obtamn E, = 0,13 eV Introducing in (I11) this value, together
with the value for the spectrum of the voltage fluctuations (Fig 3), we obtain
n=>5 .10 cm™3 for the PbSe films

4 Conelusions, The method presented in this paper, that uses 1/f noise
measurements i order to determine the free carrier concentration, 1s simple
and does not involve experimental difficulties The method can be applied
both for monocrystalline and for polycrystalline nondegenerate semiconductors,
provided that the spectrum of the sample resistance fluctuations obeys the

3 — Physica 1/1989
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Hooge—Vandamme relation For degene-
“J(R[ﬂ]}" rate semiconductors the effective number
! of carriers N, available for the 1/f fluc-
tuations is smaller than the total number
of carriers N in the band [12], the two
carrier concentrations being related by the
formula :

151

”tff — ; 12
. = (12)

. 1
E + 3K1

where E; is measured from the bottom

of the conduction band.
The mcthod does not give the exact
values for the carrier concentration espe-
- cially because the value of oy can be dif-
ferent from 2 - 1073 for different types of
samples [13] On the other hand the rela-
—~ tions (7) and (11) are very insensitive to
. . , -e= the inaccuracites of measured and calcu-
3 L g J-O—B[K:I] lated geometrical parameters B2 and V.,
T that are reduced by the power 1/3 Howe-
Fig 4. 1g R-vs 1097, plot m the gh VeI, Telation (11) is very sensitive to the
temperature region, for PbSe semiconduc Vvalue of E,, accurate electrical resistivity
ting film vs. temperature measurements being ne-

: cessary
In conclusion, even if this method gives only the order ‘of magnitude
of the carrier concentration it 1s very useful in the cases when Hall effect .
measurements can not be performed :samples with high electrical re51st1v1ty
and low mobility

0.5

N T
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QUASI-LINEAR EQUATIONS FOR AN ELECTROMAGNETIC
INSTABILITY
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ABSTRACT. — The quasi-linear theory 1s developed to derive a kinetic energy
change equation for a relativistic’ electron beam by taking a Weibel-type elec-
tromagnetic- instability into account -1n a collisionless magnetized plasma.

1. Introduetion. The progress in the production of relativistic electron-
beams (RE B.) gives ground for hoping that the relativistic electron beams
can be used to heat a plasma to the thermonuclear temperature. Coupling of
the energy of a R E B into a plasma the rough collective processes can occur
by several mechanisms In the microscopic collective mechanism, the beam
excites an instability, and the individual electrons interact directly with large
amplitude waves Thus, the beam transfers its energy to waves, which m turn
pass it to the plasma The instability which has received the most attention
in this regard 1s .the electron-electron two-stream instability [1, 2]. .

In the beam-plasma system, 1t is found that an electromagnetic insta-
bility can be excited independently of the electrostatic two-stream instability
[3]. This is a Weibel-type instability. A linear theory for this instability in
the R.E B.-magnetized plasma system has been elaborated [4]. Using the quasi-
linear equations and some nonlinear results, Okada and Niu [5] have investi-
gated the stopping power of the plasma for R E.B. by the Weibel-type electro-
magnetm instability. However, the above authors consider the interaction of
RE.B. with an unmagnetized plasma.

The purpose of this paper is to deduce the quasi-linear equations for
We1bel instability in R.E.B -magnetized plasma system.

2. Deduction of the qu'ls1-lmear equations. In our model a warm R.E.B.
with density #, and a velocity vo streams through a cold magnetlzed plasma
of density #,, along a magnetic field B0 Due to relativistic electron beam

induced return current the plasma electrons have a drift velocity 7),0 with
respect to plasma 1oms [6] To derive the quasi-linear kinetic equations for
R E.B. distribution function we will consider the following configuration :

F=( 0 0); By=(0, 0, By); E,= (0,0, E); B,=(0,B,,0) (2.1)

where E‘l and B . are the perturbed electric and magnetic fields which satisfy
the following Maxwell’s equations :

rot E; = — 9B,/ot (2.2)

* University of Cluj-Napoca, Facully of Mathematics and Physics, 3400 Clup-Napoca, Romama,
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and
L 1ot B, =7 + oL, (2.3)
o at

The beam electron dynamics are dcscribed by the distribution function

- =

flr, P, 7) which satisfies the relativistic Vlasov cquation
a — — — — —_
L v Vf—e[Ei+vx (By + B)] - Vz/=0 (2 4)

For the derivation of the quasi-lincar kinetic cquations we follow the
procedure used in [5]. According to this, we consider the distribution function
of the form

— =

fr, b, 1) = folp, O+ £il7, D, 1) (2 5)

where
-

foltr ) = <f(r, b 1)> = — (f(r, . P (26)

is the spatial average of the actual distribution function We also assume that

fd(;;, t) is a slowly varying function of time, while fl(—r., ;; {) 1s the perturbed,
rapidly oscillating part of the distribution function, which satisfies the con-
dition f; < f,.

Using a Fourier analysis for the perturbed cantitics

En = 3 Evexplt(h- 7 —iof)] 27)
h=~—w .
B, )= 3> Byexp ik - 7 — )] ©8)
h=—o
A b= S fuespli(k -7 — oi)] (29)
h=—®

the equation for fo(;, t) is obtained by averaging the equation (2.4), with the
result '

fu(z_;.f)_g<(E1+7—;>< B))\- %> . (2 10)
PR o ‘

Using (2.2) and (27)—(29) the equation (2 10) can be written 1n the
form

oo @ Boaf,, @ & . _
Fte T(kv:—;a—x — ooz kv,a)flk =0 (2.11)

h=—wm

where {(f1>=0 and G} X ._éo) . 3f0/5}; = 0 have been used
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The equation for f1(7, Z, £) 1s obtained by substituting f = f, + f, mto the
Vlasov cquation {2 4) and using (2 10) for 9fy/0f, with the result

Loy oL ofB, + 7 x By) - L —ofy x By)- L2 —
d1 ap op

—o(E,+v x B) - af‘+c<(E +3 x B) - "’f1>=o (2 12)
dp ap
To find 8f,/ét to lowest order m perturbed quantities, the peirturbed distri-
bution function f; 1s calculated as in  lincar theory The linear solution to
(2 12) 15 obtained by neglecting the two last tetms 1 this equation In adition
the time dependence ot f, 1s neglected because dfy/0f 15 second-order in per-
turbed quantitiecs This results fiom the equation (2 10)
To {ind the linear 1esult tor f; we write the equation (2 12) under the
form

o 4- Y“ of i(—ﬁl o _{Z" % —>l) oy _ ¢ (Y; ¢ §0) Lo 0 (213)
ot or m on m oan
where # is the relativistic reduced velocity, defined by [7]
P (2 14)
with v = (1 — v%/c?)12 = (1 + u?[c*)— 12 (2.15)

and m 1s the rest-mass of the eclectron

Suice we arce mnterested with the relativistic beam, one can use the approxi-
mation mtioduced 1 [8]

-— el — e uz —
U=y =Yyt Yok — Yo ) Bl (2 16)
wlhere
o = Tolvo = V(1 — ¥ [c?) 17 (2.17)

1s the mean reduced velocity of the rclativistic beam particles ortented along
the Oz-axis and

—

L= % — 1, (2.18)

while ;—1:” 1s the component of p. parallel to the beam direction
Using the above expiessions and takmg i the 1cduced velocity space a
suitable chosen cyhindrical coordinate system havmg 1ts Oz-axis ortented along

l

the direction of external magnetic field Bo = Boe,, we obtain for the Fourter
component f;, of the peltmbed distribution function f; the expression

e o]
g) — e . kak : {_2 [exp[—u sm 6 4 ¢(n4- 1)0)]
flk( ) MW Yo E ] n+B+1 +

2

M= — 0

+_

exp [—rx s 0 4 2(n — 1)6]] a,

— i ! 2.
Y n+[3eXP[ 1o sin O —i—me]} (2.19)
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where ‘ . o
« = nF-_L, B — — oy, : a, = dfo
Wge WeeYo 3[.L”
Yok of, of, ) eB
a = Wﬁwm)“ “mq gy = — (2 20)
I I m

and pi =p? 4 p?
. Substituting (2.19) into (2.11) and taking into account that the steady-
state velocity distribution function 1s given by the expression [8]-

' #po” 1 (e h Y '
Folwys wy) = _3/—0 \P[ 5 (——l-i“ ?:L)J - (22))
(@2m)*Fed ¥y | «

after the stralghtforward but tedious calculations we obtain the quas1—l1nea1
kinetic equat1on for f, under the followmg foim

5o

mo e

a
{[m_k sin 0 — & (yoto -+ Youy)cos 0] a_f”‘; 4
B

+”—WM%+mem0—w “} (2.22)
i

3. Equation for the change in the R.E.B. kinetic energy. Using the quasi”

linear kinetic equation (2.22) the change m the kinetic eneigy ot the relati-

vistic electron beam can be determined For this we detine the aveiage R E B.

kinetic energy as:

W= dpmer (=~ 1) fo (4 (31)
Y
Taking into account that for R E.B.
Lo 1= (=) = T — 1 g 82)
Y )

the changé in the beam kinetic energy can be written as

Vs — e S (I——Y“ + L ELH) bror ‘ZHH dyu.) db (3 3)
di Yo

To arrive at the 'eqtiatlon for the change in the kinetic' energy of the
relativistic electron beam, we take the appropriate velocity moments of (2 22)
Thus, we obtamn .

dw, XX B_ 1 — o of.
dt” = ec? knz;w k’“ j( ono + Y un)[ [w_p'stn 8 — R(yotey -+ voup)cosO] aTli +

md{udw a0

+ — [k{yotho + vouy) sin 6 + @
Bl
(34)
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Finally, after the algebraic calculations, we obtain the change in the R E.B.
kinetic energy under the form:

_ e

Wy e y3igiipg B. 2 @2, (4 1)8g
dt - k=200 ,.;w I kl (n 4+ 1)20’5 Y5 + 82

khry] k2—a
X [I( )t )] (35)

whete 8, is the lineair giowth rate of the excited wave and I, is the Bessel
function of the first kind of imaginary argument.

For the following applications it 1s more convenient to write the equation
(8.5) m terms of the usual velocity rather than the reduced velocity. To do
tlus we remember the following relations [8]:

1 ‘ Vo = Yoo . (3.6)
and .

v_L = (YO EJ_)Z (37)

where 11')2_‘_ is the Watson’s and coworkers mean square velocity differences from

Lthe average velocity [9]. So we obtain the final form of the R.E.B. energy
change equatmn as:

s
1
de gyl B. (2 abrt (n + 1)3,
— L = — ce YO X
a " ;220 B imre
K f3v I
X In ( a J;) - In+l( 2 J;J] (38)

B @Yo 4 @epYa

4 Conelusion. When an intense iclativistic electron beam is injected into
a plasma, a part of the kinetic energy of the beam is trausferred to the field
energy and to the kinetic energy of the background plasma electrons. To deter-
mine the effective stopping length due to the electromagnetic instability the
equation (3.8) may be used For this purpose must be calculated the right-
hand side of the equation (3.8) To do this 1t is necessary to comnstruct a non-
linear theory of the interaction with a view to determning the nonlinear satu-
ration level of the excited waves. This will be elaborated in a forthcoming
paper. :
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COHERENT-POTENTIAL APPROXIMATION METHOD IN HIGH-T,

SUPERCONDUCTIVITY
D. VACARU*
Receswed February 18, 1989
ABSTRACY. — We give a method to calculate the critical tempeiature of a

high-T, superconductor using the coheient-potential-appioxunation The general
formula obtained has been applied for three-dimensional, two- dxmensmnal and
one-dumensional models of high-T,; superconductors -

1

I Iniroduetion. The general method used in conventional theory of super-
conductivity is that of Green function which is appropriate for the case of
the ‘itinerant-election systems 7The main approximation m this method 1s a
generalized mean-field approximation which gives us the possibility to treat
the weakly correlated fermionic systems. However, the discovery of the high-T,
superconductors showed that this materials have a particular structure where
the three-dimensional (3d) character i1s the result of a combination between
the twodimensional (2d) planes and onedimensional (1d) chains containing
electrons strongly correlated.

In this case we prefer to the free electrons picture the tightbinding pic-
ture, and the most appropriate method to study the superconducting phase
trapsition in this model is the Coherent-Potential-Approximation (CPA) used
in the theory of binary alloys. We will present the general method and we
will show how we can calculate the critical temperature 7T, for a high-T, super-
conductor using this method. ‘

We have to mention that the method 1s more general ‘than the standard
Green function method and can be generalized at the study of the supercon-
ducting alloys with high T,

II Coherent potential approximaten. 1 Tle general melhod The electronic stiue-
tue of disordered binary alloys has been developed within the framework
ol the multiple scaitering approach of a disordered system which has the form
A,B,, where x is the comcentration of the A4 atoms and y =1 — x 1s the
concentration of the B atoms In order to describe the physical propcrties
of this system Soven [1] and Velicky et al [2] developed the so-called Cohe-
rent-Potential-Approximation (CPA) using the multiple scattering approxima-
tion. In this approach the propagation of an electron or lattice wave in an
alloy 1s regarded as a succession of elementary scattering on the random ato-
mic scatteres, which are averaged over all configurations of atoms.

The system consisting from electrons which are scattering on the atoms
will be described by an effective one-electron Hamiltonian H of the systcm
in a given configuration.

¥ Unmiersity of Clug-Napoca, Faculty of Mathemaiics and Physics, 3400 Clug-Napocs, Romania
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The single-particle propeities can be obtained from the Green function
Gz)=(z—H)1 (111)

If we consider that the average on thc configuration can be performied, we
will define the averaged (demoted by (.. >) Green function

(G(#)) = (# — Hoy) (2 1I)

where H,y has the full crystal symmetry, but is non-Hermitian and eneigy
dependent. : '

We assume now that the exact effective, Hanultonian can be well appioxi-
mated by K = K{z) and m this case we have the identity

{G> = R + R(H,;; — K)XG> (311)
where .
R=(z—K)1 (4 IT)

is in fact an equation for (G) given by the unpetturbed Green function R.

At this stage of the investigation we will consider a 1esult from the mul-
tiple scattering theory, where a sunilar equation for the T-matrix can be writ-
ten as

G=R+4+ RTR (5.11)
If we perform the average of (5II), we get
(G =R+ R(THR (6 11)

and H,; can be expressed as

1

By = K+ <> Ty

(7.11)
where we used (2.I1) and (611)

This 1esult can be used i two ways The first one is to wsert T(K) (the
T-matrix for a given K) i (7II) and to oblain a better appioximation for
the Hamiltonian (7 II) The second way is to use the condition .

(T(K)> =0 (8 11)

to determine I

In fact we can apply the multiple scatteiing method if we can descompose
the random-peirtuibating potential A —K 1nto a sum of countlributions of single
scatters associated wilh cach site 1.e -

H—-—K=YV, (9.11)

From the equation (5II) and using the identity

G=R- RH—KG. (10 1I)
yields
T = (H — K)(I + RT) C(11ID)
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or using {9.JI) we get
T=YV,1+RT)=Y (12 II)

This equation gives T-matiix as a sum of contiibutions arsing frown the indi-
vidual scatteres Introducing

Tn = (1 - VHR) _an (13II)
which is the T-matrix for the site # we obtain .
Qn = ]‘n(l "I_ R }—‘_I Qm) (1411)
MER '

and fiom (121I) and (14.II) we obtamn the equation of the I — matiix as
T=YT,+YXT.RY Tut . : (15.11)

m#En
The equations (10.IT) and (14.II) are exact, aund lead to the exact averaged
equations

<Q»> = <T,,(1 + RY, pa Qm)> (17-11)

m¥En

equation which can be written as

Q. =T + R Y <Q,>) + (TuR E (Qu — <Qud)> (18.11)

m#EN mER

The first term of this equation describes the effects of the aveiaged effective
wave seen by #-th atom, and the second term correspond to fluctuations of
the effective wave term which coriesponds to the fluctuations of the effective
wave, term that will be neglected, which 1s 1 fact a basic approxumation of
CPA Then (181II) becomes

<Qn> = <Tn>(1 + R ngé” <Qm>) ’ : (19 II)
From (7 II) aud (16.II) the effective Hamiltonian can be writleu as
Hy=K+ Y T,(1 + R(T,)? (20 IT)

We see that CPA-method combines two ideas namely

— to calculate the average for a given quantity associated with a random
medium by introducing a perriodic effective medium ;

— to determine this effective medium by a self- couslstency 1cquuicment
1e. by demanding that the fluctuations of a given quantity due to local
fluctuations around the effective medium average to be zero

2 Single — Band Model. The systems with strong coirelations aie generally
described 1n the tight-binding approximations for the elections We stait with
a'single atomic o1bital [#) which 1s considered to be associated with each site #
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For a pure ciystal in this simple case: will 1esult a “single band”. In ithe binary
alloys there are two sub-bands which can be tieated in what 1s known to be
the single band model. The one-election Hamﬂtoman which describes such
systems has the form

H= z,J [nye,<an| + E 118t | (21 II)

=D W

The sccond line deftnes the decomposition of the Hamultonian in a diagonal
pait D and an off-diagonal part W in the Wannier representation for the
electronic system The model is valid m the following assumptions, which are
physically cortectly (and realizable) when the orbitals are sufficiently localized
and the atomic potentials are not too different These assumptions are.

a) In the diagonal clements s, the crystal field terms are assumed to be
mdependent of the composition x and the atomic configuration. These ele-
ments may be regarded as atomic levels which assume one of the two possible
values ¢4 and B depending on whether an atom 4 or B accupies #»

b) The hopping integrals #,, are asumed to Dbe completely independent
of the alloy composition The operator W way be interp1eted as the Hamiltonan
for pure crystal with ¢4 =¢® =0 and =4 + W and &% 4 W, respectively, ale
the Hamiltonians for pure 4 and B crystals.

We may conclude that in (20 II) D is diagonal but a random quantity, and
W off-diagonal but translationally jvatiant
The operator W 1s diagonal in the Bloch repiesentation and

i

KW EY is o
WY = 8o g bon | ByeHen = 3o Ws()
whele
ALy g
18 = 7= Yoty

The quantity s(z), which describes the k-dependence of the band energy, 1s
dimensionless.

In order to describe the band sphtmg it is convement to intioduce

eA B

=—D8 B‘=—_Ds s: (23 II)
Usually, because D scales the entite Hamiltonian, we take D = 1 The effective
Hamiltonian H,,(2) has the full’ crystal symmetry and’ 1 this case Hgyy is
diagonal m the & — 1epresentation

! ' [

Gk Hy 'y = [s(k) + Z(k, 21877 ' (2410)
and ‘
(G(2)) = (z — Hpyp)? : v (25.00)
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is also diagonal in this representation In (24 II)3 is the self-eneigy with 1espect
to the peifect crystal having Hamiltonian W We define

Gk, z) = KKk G(E) [R)) = [z — s(k) — Z(, z)] (26 1I)
which 1s defined by the spectial density
Ak, E) = — 2 ImG (k. E + 10) (27 11)
N .
Gk, z) = Sw:EE Ak, E) (28 II)
The density of states per atom
o(E) = 7‘ Tr¢S(E — H)> (29 1)

may be expressed 1 terms of the Green function as
o(E) = — L Im¢n = 0|G(E + 10) | = 0)
T
= N4k E) (30 11)

Now, let us introduce the ausiliary function, specific fo1 the CPA approsunation,
and defined as

TriG(2)> = <0|G(2) |0) (31.11)
and the density of states (30.JI) can be written as
o(E) = — L ImF(E + 10) (32 11)

which 1s equivalent with the spectia repiesentation

o(E) (33 1I)

3 Single Band Model, Singlc Site Approximaiion The single site approxi-
mation (SSA) can be used for the binary alloys which aie described in the
stiuple model of the single band The basic hypothesis of this appioximation
1s to consider that the total scattered wave 1s composed of contributions from
each atom, while the effective wave mcident on a given atom excludes the
contiibution of that atom The contribution 1s obtamned as product of the
atomic f-matrix and the cffective wave, which are both dependent on the
configuration. The mam point of SSA 1s that these quantities are not statists-
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cally correlated Using these approximations we can perform the calculation
starting with the unperturbed Hamiltonian :

H=W+ Y, |ndUn| = W + U@)1 (34 T0)

where U(z) is analytic every where except on the real axis The quantities
which appear i the calculations are

-

Go() = (2 — W)L, Gk, 2) = (z — s(B)]

(35.11)
Ak, E) = — L ImGo(k, E + i0) = 3(E — s(k))
OE) =~ ¥ AO(E E) = Ai Y 3E — s(“)) (36 1)
1 T %
and
0fs) ‘ dE _ 1 1
Fo(z) _Lz L Yoy (37.11)

For the Hamultonian K we can define the Green function
R)=(z— k) 1=(2—Uls) — W) 1 =G0 — U()) (38 IT)
This equation shows that R(2) can be expressed simply in terms of G°
Then we can define
O|R(2) (0> = Fo(z — u(z)) = Fo(z) (39.1T)

a quantity\ wlich is specific for CPA method. From (21.II) and (34.II) we
get

H— K=Y |n)yle, —u(z) 1<n| (40.11)
and using (91I) we get

Vo= Indlen — 42 (n| = | w)e,(n| (41.11)
From (13II) we calculate

Va
To(e) = ny —""— (| (42.11)
1 — VaF(2)

and this relation will be averaged on the configurations and we get:

<T,>=|n>[ -9 L KD ](n]

1= (A= UF 1—(®2—O)F

|ny[aed + yeBln | = |y, (v (3.11)
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i

Using (20 II) we get . . '

Hey = W—}—Z[n)[U-}— T,\](n]
' ' LA 14 <F

and the self-energy 1s ,
7 oz)

\ D1+ F ) .
atid from the condition (T,> =0 we get

Z(z) = u(2)
From (43TI) and (46 II) we obtain the equation

| (e —'n) — [(e — u) — (e —u)(x — )8 — xy82]F =0

with
3(x — )

1
g = —
2
The equation (47.II) gives
U=.-+ xy 32 ul —

14 (44 e)F

which can be written as

B(7) = ¢ + ayde— L D)

1+ (2 + oFo(e, =

where - °
Folz, Z) = Fo(z — X(2))

Téking now the density of states as

¢ (E) = 2 NDP—F, [E|<D

0 , |El>D
we can calculate FO(z) from (87 IT) using (50 II)
Using now the relation

1/a” -

¥ =y’

—dy = 7 sign y 4[yF — & — @y

—a

we get ‘

\F()——[z—«/zz D]

(44.11)

(43.11)
(46.11)

(47 11)

(48 I1)

(49.11)

(50.11)

(51 I1)
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and using F0(z — Z(z)) = F(2) the self energy is

1 1oL, )
2() = i 5~ P - (52m)

and 49. TT—52.1T) we get

%Fs —%ZFZ — [z2 — _1-(32 —DJF—(z4¢) =0 (53.11)

result which is quite general and can be used to calculate T, for high-T, super-
conductors

Before we start such a kind of calculation we present what is known
as the “alloy analogy”. Let us consider again the binary alloy, the 4 com-
ponent being described by

GlE, ») = [0 — &(F) — es — 2(e)]™ (541D
where the self-energy X is-
=313 — X)F] (55 11)
wlllerfe 8 = ¢4 — &p. The function F is defined by
F= % g G (%, 1) (56.11)
or using (491II) we get
F(z) = 2(z — /22 — 1) (57 I1)
where
2= m_—De—_Z .. (5811

In the limit e4 — o0, the seli-cnergy has a simple form

= — % (59.11)

where x 1s the concentration of the A component.
For a pure system we get for the self energy

k(3
T2 , (60.11)

where # is the number of electrons. This result will be .used 1n the calculation
of T,. With these results we can start the calculation of T, for superconductors
in CPA. -
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IIT Critical temperature for high-T.

i T & 1 General Method. In order to
AN C@. T — »  calculate the critical temperature
- - of high-7, we will present the
i ; a general method which implics the
CPA method
Fig 1 The equation for the order para-
meter
gives the critical tcmperature as the solution of the equation
1 =T1I(T,) (1 IIT)
where
I(T,) = %EG(I_{, w)G(—E, —m)A(E, ——l_e’; 10, —1) (2 IIT)
4 o,k

A being the vertex correction and o = nT(n 4+ ) The equation for the vertex

12| =

correction has the form

I
) - i “
- g .
A =‘—“< * “““‘ﬂﬁ:j o “-—4%/\(%03
o - N l

Fig. 2
which can be written analitically as

A=U4+AAY QU [F~2 4 F=3F_ + . . + F%] (3 III)
s=2

and we denoted by 4 and F the quantities

4 (1) = % gc;u?, 10)G(—F, —10) (4.111)
F=2LY6Ew), Fo=2YNG6(—% —w) (5 TTT)
N 7 N

and by Q, a factor which 1s function of x and y.

The dotted line from Fig 1 and Fig 2 represents the “mteraction” line wlich
will be specified for each model The Green function G 1s

— —

Gk, 10) = [iew — (k) — e, — Z]71 {6.I1L.

where the self-energy is represented as

[N P
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101 //*[\1\? /T\\a
Z = I| - "/ ,__>\\ + "/ PN
Fig 3
and is given by
S = U Y, Q.{UF) (7.111)
s—1
The equation (3 III) gives for the vertex function the solution
U
A=—goy— (8.111)
1—4
F—F_
where A has been calculated as
A= F-F (9 TIT)
— 20 + X — X_

The equation (S8III) has the form

A= U[l g e B E- -3 L Ve 10)G(—5, —im)] (10.111)

% F—_F. N4
and from (1 ITI), (2 III) and (10 III) the equation for the cntical temperature is:

-

1=U % Y gé(k, i0)G(—F, —10)f2(R) +

FpEEEE 222 (s Gef w7, —]] mm.

where f(k), the symmetry factor of the pairing, is indicated by the model.
Such an equation has been used first by Yoshioka and Fukuyama [3] m order
to explain the superconductor-semiconductor transition m BaPb,_,Bi,O; or
L1+, T1, 0, compounds

The model proposed i [3] consist in taking this materials as a binary alloy
system A4, ,B,, the PbO,; bemng assigned to the A atom and BiO; to the B
atom Using the CPA method the calculation of 7', suposed the solving of
an equation of the type (53 II) for the non — magnetic Hubbard Hamiltonian
reduced to the form (21II) As such an equation has no simple analytical
solution, the authors used the numerical method and calculated 7', as function
of x for ditferent parameters U and D, where U is the one-site repulsion from
Hubbard Hamiltontan and D is the band-width

As the CPA method goes beyond the mean field, 1t was 1econsidered for the
high-T, superconductors by Fukuyama and Yoshida [4].

2 The Model Strong Coulomb correlations are considered at the present
time to play a very important 1ole in the pairing mechamism of lugh-7, oxides.
Indeed, Anderson [5] proposed a new mechanism for superconductivity based
on the result obtamed by Hirch [6] who showed that for a Hubaid Hamiltonian
with strong correlations an attraction can appear which gives rise to aniso-

— Physica 1/1989 ST vee
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tropic singlet superconductivity Later many authors [6—11] considcred the
standard Hubbard Hamiltonian

H = E z‘,]c“,c,,, + E € c,‘,c,c U Z atal ca,_qa., (12.111)
1,1,0 1c
which can be transfoimed in an cffective Hamiltonian
Hy =t ¥ (1 — m_o)c:f,c,o(l nj —a) + 7 Z {s S, — ” n,nj) (18 111)

1,0

where the band energy is now

(k) = — 2t f(k) (14.I1T)
with ‘ ‘ ’ N A
. cos k,a + cos k,a for d =2
I —[coska for d =1 (15 IIT)

'

d, being the dimensionality of the system '

This Hamiltonian has been obtained by U > ¢ and the coupling constant from
(12.111) is J = 42/U. Tf we take the space where the double’ occupancy of
the same site is excluded, the Hamiltonian (13.IJII) 1s reduced to

Hy=K— % ; Aty (R)e oty + e (16 1II)
where the order parameter is defined by
Ary (k) =27 Zf ¥ — ) Ceptép (17 I1T)

As these materials are a special cases of 3d superconductors, we will calculate
T, for 3d, 2d and 14 cascs Using these 1esults we will give a general formula
for T, which will be analysed (for d =3, 2, 1) as function of'thc concentiation
of electrons and of the position of the Fermi energy.

8 The Gemeral Equalion for T,. In order to calculate T , we introduce
the notations.

x=2% y=Y, U=DF; V=DF. .,  (181I)
D D . ‘ ; ) ’. |
h S = E ; ’S_ ='2_—- o :
D D !
and the quantities: o l .

A= — 2 fBGE w)G(—k —) | (1911

) .
4y = L% pEGE 1w0iG(—F, ) (20 TII)

k
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Using (15 III) and (18 III) we get

4, =L ol (21 T1T)
D2 Z—z
and
R e ziV] (22 I11)
D2 z2—z.
where
2’=_—1(0+“—_E.; .2'_ :_____—m—{-u—z_ (23III)
D D
With these results the equation (11 III) we get
_ EZ g 2 —4_ S — S 2 9
1 dngbg+p = U_VAJ (24.111)
which can be written as
< e 2
1=24 1 S dx tangh = [A2 Il Ll U "W]] (25.111)
D 2m 2=, AUV — n(U — V) ;
—00

where 1,= % . This equation has been obtained using the approximation (60 II).

This is a main point of the model which considers that the system consists
from two levels separated by a large quantity This model is similar with the
Anderson’s [5] Resonanting Valence-Bond (RVB) but not identical The equa-
tion (25 III) will be simplified because the first term (proportional to A4,) is
independent of 7, and we will take-

Ux, v, n) ~U(x=0,v, n) (26.111)
Viz,v,n) ~V(x=0,v, n)

This approximation is justified i1f the band-width D » «, where is the maxi-
mum energy from the system

With this approximation (25.III), becomes

[ee)

L il
1= = ®(n, v) S » tangh = (27.111)
where
Mmﬂs—EW—W (28.111)

these results will be appliéd for three dimensional (34) superconductor as well
as for the cases of superconductors of lower dimensionality 24 and 1d.
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4 Three dimensional model for high-T superconductor. If we take the den-
sity of states of the form

1 y z )2
Nae)=——=/1— (3) (29.111)
the functions F and F_ are given by
F = % [z + 14/T— 221 (30a.I1I)
F.= % (- + 14/T = 2) (30b I1I)

23 III). Using again the approximation X =

—

where z and z_ are given by
= — n/F we get

U=2[v+x——’iv1—g——(v+x)2] (81a ITI)
V=2{v— r—l—i\/l—%—— (v—x)2J (31b.111)

which gives

U, 1 Vo1
S = 4 = 32.11
r=to =t (32.111)
Then we can write
1: k2]
U—V:-/L\/I—E—y2 (33 111)
and neglecting again the term i A, (27.III) becomes
1=iv2\/1—i—vzgiitaugh_”_ (34 TII)
wt 2 x 2%,
The critical temperature will be obtained as
T% = 1.13 a, exp [— ! } (35 I1I)
A, )
where
vin, v)= L Tf D, v) (36 T1I)

The next slep is to eliminate the chemical potential contained in @ by v
Using now the general equation for the number of elecirons-
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NiE) = —2ImF—F )= —2ImF (37 111)
™ ™
we get
n=—21Im S dEU (%) (38 I1I)
w
whete ¢ = x 4+ v. If we introduce now the notation
a2=1— ; (39 111)
the equation (38.III) becomes
21 — a2) = = S dt Jat — £ (40 TIT)
T
which gives
2 — a?) = 422 ['v— \/1 — 2 arecos ~ + n] (41 I1I)
T 2|9 a® a
We write this equation as
M = f(v/a) (42.111)
where
flvja) == \/1 — 2 aiccos (43 I1I)
a a?
If we plot the function f(v/a) for — 1 <v/a <1 we sec that (43.III) 1s well
apptoximated by
fja) == (i — 1) (44 TII)
2\la
Fiom (42.III) and (44 III) we get
3
2 — 3a? E wel
(45 111)

12

-

Vv =
a
V-

and using this result in (36.III) Dy4(n) becomes
(31 — 2)2 JZ:L(I — 1)
Daa(1r) = ) (1 ”)3,2 (46.111)
g

-

12 |
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The critical temperature obtained from, (35.III) 1s

£‘3IZ
= 3l (47.111)
T Bn — 22 N20(l — n)

T9 = 1180, exp{

or 'as function of v

d LA

From (47 III) we can see that 7 has a maximum for # = 0,2 and becomes
zero for n = 3/2. This last result is not 1elevant becausc it is due to the ave-

rage on the Fermu surface of the structure factor f(& ) and appears m all amso-
tropic models cven 1f d <<3. The 73%v) has a maximum for v = 08, result
which show that the position of the Fermi suiface is essential in the high-T,
behaviour

IV. Critical temperature lor lower dimensiona! supereonductors. The expe1i-
mental mvestigations showed the importance ol the CuO planes as well as the
Cu—O chamns m the properties of high-T, superconductors Then 1t 1s impor-
tant to consider the 34 behaviour as a superposition of the 24 behaviour {iom
planes and 1d from chains.

1 The two dimensional model for ]ugh T, supcrconductor The densily of
states for a 2d electronic system 1s given by -

Nafe) = = 0(D — [e DK (YT — (/D) (LIV)

where K(x) is the complet eliptic mtegral of the first oider and 0(x) is the
step fuinction Near the band edge (11V) can be approxtinated by

Nae) = =0 (D — [¢)n 22 (2 IV)
=2 D €

which 1s in fact an approximation used by different authois [13, 14] Using
(56.11), (60 II) and (18.III) we can calculate Uy and Vg for a density of
states given by (2.IV). After a simple algebra we gel the rcsult

Uy =2 [K(2) signz — 1 K(JT = 2] . (3.1V)
and ‘
‘ Va= 2 [K (z-) signz_ — 1K T— 2] (41V)
an expanding the function K(x) as in (2IV) we get
. - ' ) '
2 4 . 4 -
Uss = :[m = —iln ;] (5.1V)

V2rl ~ -?; [lnw:——T —I— 1 ln i—] (6.IV)
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In the calculation of 7T2¢ we will neglect the 1eal parts in (5.IV) and (6.IV)
because these give no contribution near the band edge and only the imagi-
nary part will be considered. Using the approximation
In|z| ~ 822 o (7.IV)
4

(5.IV) and {(6:IV) can be wiitten as

Up= — 2082,y toERE - BIV)

F4 Z
The equation for the number of electrons can be written as m the 34 case
and. we get

2 r de
n== § Lsgne (9.IV)

and the singularity intioduced in fact by the approximation (8.IV) will be
approximated as

v sign & 1 — & 1
~ p o (10.1v)

the parameter p being a measure of the derivation fiom 24 chaiacter of the
system. Using (10.IV) ®,; calculated from (28.III) has been obtained as

Opy = pv? ; — (11.1V)
and from (9.IV)
"= 47) — 4+ 2arctg v—v— 1] (12.1V)

these (10 IV) has been used. Followmg the same method (12 IV) can be approxi-
mated as

v=—® 1 (13.IV)

and
(2 — bn)(1 — bn)?

q)r) == b
2= 14 (1 — bn)

(14.IV)

where $b = n/2(n — 2)
The critical temperature T2 will be obtainéd now as

ol

T% = 1130 exp[ ot 14— by ] (15.IV)
Jpb n(2 — bu)(1 — bn)? .
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or as function of v as

T% =1 130, exp [_ N S (16.1V)
J vl — )

The maximum in 724 given by (151IV) appears at # < 06 but for the same

parameters we can see that is veiy sensitive to p, (by the parameter b) which

shows that the approximation of singularity necar the band edge by the Lorent-

zian (10.IV) 1s the main point of the 2d densily ot states.

2. The one-dvmensional model for Ingh-T superconductor. The density of
states for 1d electronic systems in the tight-binding appioximation 1s given
by

0(D — IeI)

) = —~— — F 17.1
N1a(e) = (17.1v)
Using the general relation for F, we obtain Uy, and Vy, as
1 . . 2
y Uld = — -:/1——Tz_2_ B Vld == '—ﬁ (IS‘IV)
which gives
1 2 2 o
®4(n, v) =5 1"_ v?\/l — L;_ — V2 (19 1IV)
The chemical potential can be eliminated as,for the 34 and 24 models
v ”2
n==> S de \/1 N (20.1v)
T —0 1 - 52
which gives
~ 3n — 2 /2~ + n (Zl.IV)
- 2 \y/ 2 —n
and
b, — (8 — 2)? ~\/(1 — n)(4 — n)? (ZZIV)
1 16 — 611 — 9n? 2n

The critical temperature T¥ can be written as

Tld = 1130 exp {_ _'r._t_ 16 — G — 9n? \/ 2n } (ZBIV)
‘ ] (@n—2p (1 — n)d — n?)

or as function on v

Tld - 1.13 ) _ w14+ v [ (1— v — 6]z (24 IV)
S AT T '

The equation (23.1V) show a 1apid decreasing of T)° with # and an increasing
with v,
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This feature 1s very important for the study of the influence of the impu-
tities on high-T, which are considered to be localized in the chains.

V. Discussions. A detailed investigation of the possibility for high-T, in
strong correlated electronic systems showed that the CPA method is an appio-
priate aproach for the calculation of T, in this systems. We have been able

to show,that in tihe strongicorrelated systems the critical temperature T3,

T2 and T is very sensitive to the concentiation of the electrons and to.
the position of the Fermi energy
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STRESS MEASUREMENT IN ELECTRODEPOSITED NICKEI, WITH
: (001) TIBER TEXITURE

D. CIURCIEA*, AL POPOVICI** and M. SERGIIIUTA**

Reccived  February 27, 1989

ABSTRACY. — The electtodeposited nickel has a (001) fiber texture which

yiclds an auisotropic iesidual stress in the swiface layer The theory of the

stress measuiement by X-Ray diffiaction 1s recoasidered to account for tlus

texturte T4 15 shown thal Ty = 0 1s a reasouable assumption allowing stiess 5
detetminations fiom only two tilt measwiements Isotropic bulk moduli should

be considered with caution.

1. Introduction. The stiess mcasurement by X-Ray diffiaction 1s an ade-
quate means to contiol macroscopic 1estdual stresses 1 thin layers In nuclear
technology, mnickel clectrodcposition 1s used to avoid coirosion

The method of stress measurement [1, 27 m the assumption of an 1sotropic
polycrystal mmplies that the residual maciostrams slightly distoit the crystal
The distorsion measured by X-Ray diffraction 1s rclated to the 1sotiopic 1esidual
stress T by:

dy — d,
do

I 2
=— T s ¢ (1)

whete dy 1s the lattice spacing measured at the ¢ tilt angle, d, 1s the lattice
spacing measuted at ¢ =0, E is the Young modulus and v 1s the Poisson
ratio

Howcvel, the assumptions made m deniving Eq. (1) may yicld systematic
errors 1 the casc of textured materials since the stress normal to the speci-
men and the anisotropy of the elastic coustants are ignoied

The aim of this paper is to check the souices of eirois 1 the case of
electrodeposited Nickel

2 Experimental. The texture was meastied as direct pole figuies of the
(002) reflection by using a Philips PW 1130/CO diffractometer with a PW
1050 vertical gontometer and a PW 1178 texture attachement It was found
that all specumens have a fiber texture with ihe (001) planes parallel with
the specimen suiface The texture may be fauly well approximated to an uni-
dimensional Gaussian with a fullwidth at hall maxumum of 15—20°. This is
seen from the measurements of both the (200) and (420) reflections — the

latter being the reflection convenient for stress determinations (Fig., 1 and
Fig 2)

* Universsty of Clup-Napoca, Faculty of Phystes, 3400 Cluy-Napoca, Romasa
** Instijute for Nuclear Power Reacloss, 0300 Pilests, Romania
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P1g, 1. Characterization of the gaussian textuie in the (00‘7) reflexion by using the ¢ tilt in the
DRON—2 equipment

3. Theory. By taking into account the very simple texture obselved the
o11entat1011 distribution function may be written as [3]

o fle) = ) = 3, €, cos () e

where C, aie 1elated to the Gaussitan standaid deviation ¢ m a sumple man-
ner. !

For cubic ciystals, such as Nickel, the elastic Icoﬁstants are of the form

[4]
S = Sy + Nowr(d, @)+ o (3)

whete s,y is a comstant, N, are the nonor components and 7(¢{, ¢) describes
the direction i the crystal. Since our procedure always uses the (420) reflec-
tion, the ¢ dependence of #(¢, ¢) may be ignored Therefore, #(¢) may be
expanded 1n Fourter seites also. The aveiaged elastic coustants aie then
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obtained by

. Sas = { sl ) /(9) a9 (4)
For the textute described we obtam {1-

8 - nally
dy —dy -
) | Bt )

= — (§11810) [(Tyy — Tyg)sm?d + Tpgsin 2¢]

where T, = T; are the stress compouents
in the spectmen plane, T'y; 1s the sticss
normal to the surface and 7,;1s a nou-
diagonal stiess component §,, and §;, aie

9 al

e‘é’ L i given by -

z - 1

fay S11= = (6513 + 215 + 544) +
<3 - 8

£

o C

g - + = (255, — 2515 — Syy)
Y 8

z ©
2 - 1

<1 - S12 = T (2513 + 14515 — 544) =

¥ [degrees )

F1g 2 Characterization of the textuie 1
the (420) reflexion by usmg the ¢ tilt m
the DRON —2 equipment The comparison of Eq (O) and (1)

shows that in the 1sotropic case, the de-

with C,=cap(—8c?), where o 15 the stan-
daid deviation of the Gaussian

dy — d
pendence ——— versus sm*$ 1s Imear In the anisotropic case when Ty =

0
=0 the sin 2¢ term umplics a deviation {rom lmmeaiity Moreover, s, — 5)y
should be considered mstead of (1 4- v)/E
4. Results and discussions. The mecasurement of the residual stress was
performed on a DRON—2 equipment by usmg the (420) 1eflection The reticular
distance was measured as a function of the tilt angle ¢ By usiug the single
crystal elastic compliance [5,6].s;; = 7268 107¢ MPa~l, s,= —272610"F¢
MPa~! and s,, = 8 097 10~® MPa~1 the following values for 7, were obtained
by a least squares pioceduie-

Ty — Tss = (—676 L 53)MPa
T, = (—29.9 4 12.5)MPa

with a significance figure, y?/n = 0.8.
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Fig 3 The plot d veisus sin® showing the fit for varions models discussed in the text, 1
refers to the case T3 # 0, 2 — refers to the case T3 =0, 3 — refers to the 1sotropic case

Siace the value of T,q is quite low, the assumption 7,3 = 0 was checked.
We obtained Ty — Tg3 = (— 72 1 4= 57) MPa with a sigmificance figure, X2/n =
= 106.

The results of the fit are given in Fig. 3 The values of T,, — T, in the
two cases analysed are very close However, by using macroscopic bulk modul,
the value of T is T = (— 97.5 4+ 108) MPa, i.e an overestumate of about
209%,, which may 1mply rejecting of good items during quality control.

dq

dy — .
As a conclusion, the lmear dependence of "’d— versus sin’*y my be relia-

o
bly assumed but single crystal compliances are compulsory The error in the
measurement of the stress deviator is less than 109%. The X-Ray diffraction
measurement, although expensive, is adequate for the nondestructive control
of stresses Given the sunple texture observed, the analysis of the stress aniso-
tropy 1s greately simplified comparatively to the general case discussed by

Dolle [7].
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TEMPERATURE DEPENDENCE ON THE MAGNETIC SUSCEPTIBILITY
IN SOME THERNARY OXIDIC SEMICONDUCTING

; . o— (Fezoa—A1203—CI203)

L. POP* and M. CRISTEA**

Recewved « March 15, 1989

ABSTRACT. — The temperature dependence of the magnetic susceptibility het-
ween 100 and 1 200 K has been imvestigated for some a—(FegO3— Al,03—Cr,0y)
solid solutions The investigated samples consist of a constant «—FeyO3 molar
concentration of 50, 30 and 10 mol 9% and of varabile concentration of
a—AlO; and «—Cr,0,, respectively The system exhibits a second order phase
transition from antiferromagnetic, ferromagnetic or a more cmoplicated magne-
tic order state to paramagunetic state From the linear pait of the tempera-
ture dependence of the reciprocal magnetic susceptibility was determined the
effective iagnetic moment per umit formula which has been found in good
agreement with the calculated values using the formula p ;= [2(f;-phet+ +

+ fzpzcrsﬂ]llz where pp o+ =592 py and pesi= 387 py

Intreduction. In the previous papers [1—47] we have already reported the
mteresting magnetic behaviour of some ¢-(Fe,O3—Al,0,—Cr,0,) solid solutions
m the antiferromagnetic ordered range, and corresponding in the paramagnetic
range pomting out the. magnetic phase diagram, the magnetic spin structure
succesion of the second order phase transition and also the effective magnetic
moment per unit formula.

Samples preparation and experimental technlque. The starting materials for the preparation
of the thernary oxudic system o—(Fey03—Al03—Cr05) were AlCL, - 6H,0; FeCly » 6H,0 and
CrCly GH,O of 'pa purity.

The thernary oxidic samples were obtained by thermue decomposition of the aluminmmum,
won and chromiun hydioxid coprecipitates The coprecipitates were calcined at 1523 K and then
slowly cooled down, and finally calcined for 7 hours in five cicles The homogenity of the sohd
solutions has been checked out through an X-ray analysis, using a TUR—M—61 diffractometer
and a Cu—X, radiation [2] '

The thermal vanation of the magnetic susceptibility has been determined using a Weiss and
Forrer maguetic balance type, with 1078 cm?/g sensitivity in the temperature range 100—1 200 X
and 1 a 9200 Gs maguetic field intensity ’

Experimental results and diseussions. As pointed out in previous papers
[3, 4] the critical temperature of transition from the ordered state to the
paramagnetic state decreases as the a—Fe,0O, content in the thernary solid
solutions of a—(Fe,0;3—A1,0;—Cr,O4) decreases from 880 K for the samples
with 90 mol%, o—Fe,O3 down to 700 K for the samples with 70 mol%, «—
—Fe,03 Actually, 1if we represent these values as an «—Fe,O; concentration

* Physics Depaitment, Clug-Napoca University, 3400 Clw-Napoca, Romama
** Politehnscal Instrtut ,,Traran Via”, T a—7900, R
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Fig 1. 2 Magnetic phase diagram «—FeO, concentration dependence of the effective magnetic
moment per formula umt.

function together with the critical temperatures for the samples investigated
in this paper, ie 50, 30; 10 mol% a—Fe,O4 we obtam a linear dependence,
as one can see from the magnetic phase diagram given in the Fig. 1. This
means that the magnetic spm structure characteristic for the «—Fe,Op still
persists superposed on the magnetic spin stiucture characteristic for the a—
—Cr,0; denoting a more complicated magnetic spin structure for the solid
solutions o— (Fe,03—Al,0;—Cr,0;) On the other hand the linear decrease of
the critical temperature, Ty, with the «a—Fe,O; content shows on the dilution
effect of the a—Al,0; and «—Cr,0; content 1 the thernary solid solutions
More than that, this means that the samples are homogeneous solid solutions,
1n good agreement with the X-ray results [2].

These conclusions are also confirmed by the a—Fe,0, concentration linear
dependence of the effective magnetic moment per umt formula calculated from
the slope of the temperature dependence of the reciprocal magnetic suscepti-
bility, given 1n the Fig 2 The lmearity of the effective magnetic moment
per unit formula can be also observed when it 1s represented as an «—Cr,O,
concentration function

The complicated magnetic spin structure is revealed by the temperature
dependence of the reciprocal magnetic susceptibility below critical tempera-
ture, as one can see from Iig. 3, for the set of three samples containing 50
mol % of «—Fe,0; One observes that for the less «—Cr,O; concentrated
sample, i.e. 25 mol%, a—Cr,O3 the temperature dependence 1s similar to that
of the more concentrated «—Fe,O; samples [4], and when the «a—Cr,0; con-
centration increases the shape of the curves is strongly modified, the tempera-
ture dependence, of the reciprocal magnetic susceptibility having a minimum
which corresponds to the Néel temperature. For T > T’y the temperature
dependence ot the reciprocal magnetic susceptibility is linear, obeing the Curie—
Weiss law.
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The magnetic spin structure picture is strongly changed when e—Fe,O,
contentration decreases to 30 mol% 1 the o—(Fe,0,—Al,03—Cr,0,) solid
solutions, as one can see from Fig 4, where 1s given the temperature depen-
dence of the reciprocal magnetic susceptibility for three samples with different
o.—Cr,0, concentration The 'shape of the thermal variation curves of the reci-
procal magnetic susceptibility suggests some kind of ferromagnetic spin struc-
ture, colinear and noncolinear arrangement of the 3d spins, depending of the
o—Cr,0; molar concentration In the paramagnelic region the temperature
dependence of the reciprocal magnetic susceptibility is not lmear.

The ferromagnetic ordering 1s better expressed when the o—Fe,O,; con-
centrations 1s lowered down to 10 mol %, as one can see from the Fig 5,
where 1s shown the temperature dependence of the .reciprocal magnetic suscepti-
bility for the set of samples with the constant 10 mol9, oc—Fe203 and diflerent
concentration of «—Cr,O; and a—AlO;.

The thermal wvariation of the remprocal magnetic susceptibility is 'not
linear, obeing the Néel law in the paramagnetic region, as usual for the ferro-
magnetic ordered materials. One sample breaks the rule, namely the 81 mol9,
o—Cr,0, sample For this sample, at low temperature the reciprocal magnetic
susceptibility does not change as the temperature increasc towards the room
temperature, but beyond this it obeys a Curie—Weiss law Such a behaviour
is less usual, and we have reported it beforc for some binary solid solutlons
-o— (Fe,0,—AL,05) [51] and for a—Te,05 [6]

From the slope of the linear part of the temperature dependence of the
Teciprocal magnetic susceptibility we have determined the Curie constant and
afterwards we have calculated the effective moment per umi formula and per
ion, using the relation :

" Pete = [frndor “f"fzu%c”']l'/z

where f, and f, are the molar fraction, and pes+ = 387 yp, prst =592 pp
The obtamed results as listed 1 the Table 1

Table 1

t Samples concentration mol % Molar / )
| o 10m, 101,
Curie—Weiss ¢ o el bp el "5

a—Fe;0y a—AlLO; o—Cr,0, comst Cpr ¥

determined calculated

1 50 - 95 25 4914 6295 446 161
2 50 15 35 5743 6 80 482 477
3 50 , 5 45 5935 6918 491 492
1 30 35 35 3 584 5 376 381 396
2 30 21 49 4952 5 856 415 491
3 30 6 64 4 603 6 093 432 448
1 10 " 80 10 1118 3003 223 213
2 10 63 27 1498 3579 274 253
3 10 44 46 2 157 4,272 3922 303
4 10 27 63 3078 4983 359 353
5 10 9 81 3707 5 463 395 3 88
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As one can see from the last two columns the determined and calculated
effective magnetic moment values per 1on are m very good agreement If the

value of the effective magnetic moment per ion 1s multiplied by «/2, then
one obtains the effective magnetic moment value per unit formula determuned
from the molar Curte—Weiss constant value.

{Conelusions, The investigated thernary system of the solid solutions o«—
—(Fe,03—A1,0,—Cr,0;) having the corundum crystalline structure presents
mteresting magnetic behaviot, depending of the molar concentrations of the -
two components, 1e Fe,O; and Cr,0,

The temperature dependence of the reciprocal magnetic susceptibility pom-
. ted out the existence of the magnetic order in the systems of the oxidic solid
.solutions of different type, ie: antiferromagnetic order of the «—Fe,O5 type
for the high a—Fe,O; concentrated samples, antiferromagnetic order of the
o—Cr,05 type for the high «—Cr,0, concentrated samples, superposed magnetic
.spin structure of these two types of magnetic structures and colmear, respecii-
vely noncolinear ferromagnetic spin structures in the less «a—Fe, O3 concentrated
samples. ‘

The concentration a—Fe,O; and «—Cr,0; dependences of the critical
temperature, and of the effective magnetic moment per formula unit and per
ion are linear.

The calculated and experimentally determined effective magnetic moment
per unit formula and per 1on are in good agreement.

'
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MAGNETIC INVESTIGATIONS AS FUNCTION OF HEAT TREATING
IN THE Gd—Ba—Cu—0O SYSTEM

q

AL. NICULA*, A. V. POP*, L. V. GIURGIU**, AL. DARABONT** and I. COSRA***
. LY ), ' /

Recewed  April 14, 1989
ABSTRACT. — Eleclion  paramaguetic 1esonance rand static suseephbxlf’cy
measurements on Gd’* were perfoimed 1 the system GdBa,Cu;O, 8§ The
temperature dependence of g-value, lnewidth for the Gd** signal functlon of
. temperature, atmosplere and tume of heat treating samples weie 1eported
The pattial substitutwon of the nonmagnetic:yttrium with gadolinium were
mvestigated by EPR as a function of temperature

Intredustion. The discovery of high-T,. superconductivity [1] wmitiated
the search for new compounds, the experimental analysis and the proposal
of theoretical models

There are numerous reports on the EPR measurements [2 3] in ligh-T,
superconductors above 90°K in the series of rare earth (Re)—Ba—Cu—O sys-
tems A study of magnetism 1n related materials should: serve for undersanding
the superconductivity of the oxides Practically, a Y—Ba—Cu—O0O system of
poor quality 'exhibits a magnetic susceptibility of a Curie—Weiss type Elec-
tron paramagnetic 1esonance is a useful means to 1dcntify the magnetic ongin
because 1t can specify the magnetic componcnts through amisotropic g-values
The high sensitivity of EPR mcasurements also favors the dctection of mmpurity
phases There are numerous reports on the EPR measurements 1w high-7', supcr-
conducting Y—Ba—Cu—O0O system comparatively with Gd— Ba—CuO system
EPR will be a fruitful technique to rcveal the clcctionic state of Gd and to
probe” the static and dynamic interactions with the superconducting system
However, all papers concerned with the ‘Cu 1ons have failed to give any signi-
ficant mformation on the underlying superconducting system The single phase
Y Ba,Cu;0, material, with the optimal oxygen composition, has no Cutte moment
[4] and 1t has been suggested that the observed Cu®*™ EPR signal originates
from an umpurity phase The Gd m GdBa Lu30; does have a large Curie
moment and strong EPR signal [5,6 ]

However, in common with its Y parent matenal, the EPR does not exhi-
bit the characteristic signature expected for a local moment mn a superconductol
It 1s therefore useful to compare these signals with those originating from the
principal impurity phases Intimately related to the “black phase” high T, ~ -
~ 90 K superconductors YBa,Cuy0, and GdBa,Cu,0, and the “green phase”
insulators Y,BaCuQ, and Gd,BaCuO; [7, 8], Gd+3 s1gna1 has in Gd,BaCuO;
an accurately Lorenzian shape and 1s temperature-ndcpendent at high tempera-

* Unversuly of Clu]-Napaca Faculty of Mathemtics and Physics 3100 Clwj-Napoca, Romania
*~ Iustitule of Isotopic and Molecular Technology, PO 'Box 700, R—3400 Cly-Napoca, Romania
e+ Politechmc Instuule of Cluy-Napoca, Dept of Physics, R— 3400 Cluj-Napoca, Romania
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tute In contrast, in GdBa,Cuz0, there is a slight asymmetry in the lineshape
and a small temperature dependence in the linewidth above T, [5, 7], Gd,BaCuO 5
gwes a Curie—Wess 0 ~ — 20 K and for GdBa,Cu,0, a Curie Weiss 1aw with
6 ~ —30 K. '

In this paper, we report the EPR and static susceptibility measurements
in nonsuperconducting and super conducting GdBa,CuzO;_s function of the tem-
perature, atmosphere and time of heat treating samples The partial substi-
tutton of nonmagnetic yttnum with gadohmum have been mvestldated by
analysing the EPR spectra in system Y;_,Gd,Ba,Cu;07_;

Experimental procedure. The samples studied were piepared by the solid
phase reaction method through reacting the mixture of Gd,O; - CuO and BaCO;
m cation ratio Gd Ba-Cu=1 2:3 (samples 1,2,3) In sample 4, Y were -
substituted by 19 Gd The ceramic samples 1 2 and 4 were obtamed by
calcimation of oxides mixtures at 830° for 8 hours in air To obtamn higher
Jhomogenity the powders were mixed with absolut alchool in an agate mortar
and recalcmated at the same temperature for other 8 hours The samples were
pressed into pellets and firing m awr for 10 hours at-940°C, and then cooled
down to 200°C in 8 hours Samples 2 and 4 were cooled 1n air atmosphere
and sample 1 1n oxigen Sample 3 were, firing in oxygen for 12 hours at 900°C,
cooled down to 200° i 16 hours, then regrmnding,the pellets and repeating
the process

The electron paramagnetic resonance measurements were carried out by
means of RADIOPAN spectrometer §g/x/2543 at room and liquid nitrogen tempera-
ture The samples were finely crushed and mixed by silicon fett Merck

The magnetic susceptibilities were measured usmcr the standard Faraday
balance

Results and diseussions. The EPR spectra recorded from sample 3 at the
room and llqu1d nitrogen temperature (LNT) are piesented in Fig 1 ’and for
samples 1, 2 mm Fig 2 and 3

The EPR results in temperature dependence of the peak to peak line- ,
width of the first derivative of the absorp’uon 51gna1 B,, and the g factor are -
summarized m Table 1.

Table 1
: ABpp ,  ABpp)pr —
‘S‘u.lple Temperatuie ) Ig — (ABpp)yp Ag
1 RT 146 1 2013 £ 0002 * 28 4 0 057
LNT 1177 . 1956 + 0 002 ,
RT 105 5 1982 + 0002
2 INT 90 0 1 966,4- 0 002 .. 155 0016
3 RT 113 3 1974 4 0 002 133 . 0004
ILNT 1000 1970 &+ 0 002 '

4 RT 438 ' 1984 3-'0 002 ' 1.1 ¢+ 0006
- LNT 427 1978 == 0 002 .
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LNT

Fig 2. The EPR spectra from sample 1 at the RT and LNT.
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" Pi1g 3 The EPR spectra from sample 2 at the RT and LNT,

t

As shown m Fig 1, a clear resonance signal with strong intensity was
observed in the sample 3 at the field correspondmg to nearly g ~ 1,97, which
is typical .of the Gd** ioms [5, 8, 9] The crystal structuies described by
Michel and Raveau [10] are orthorhombic with Gd3*+ 1 distorted monocapped
trigonal prisms of GAO, with two neighboring GdO, prisms sharing one tri-
angular face, forming Gd,O blocks and-the Cu?" 1ons located-in distoited
tetragonal pyramids of CuO; The Gd®*t signal in sample 3 aud their para-
meters are characteristic, of “black phase” m GdBa,CuO;_s supraconducting
system The decrcase of the g factor as function of temperature in samples
1 and 2 indicates the presence of “green pHase” msulator Gd,BaCuO, The g
value for the sample 1 cooled in oxigen atmosphere evidenced greater amc‘)unts
of “green phase” than m sample 2 colled in air The small decreases of line-
w1dth above T, 1s characteristic of a “black phase” superconductive (4], while
in “green phase” the Gd3* lme sharphy broadens and shifts at lower tempera-
tures, the linewidth beeing 1elatively constante for T ~ 90 K'[7] The tempera-
ture dependence of Gd3* g factor'and the 11new1dth in"'samples 1 and 2, indi- -
cated the presence of two phases “black” and ‘green”’ that influence spec1f1ca11y
the EPR parameters. - . . v )
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The EPR spectium for sample 1 indicates the overlapping over the charac-
teristic Gd** lmme of a narrow lme at room temperature The disappearance
of this narrow lme at hiquid nitiogen temperrture 1s probably caused by the
structural phase transformations i the microvicinity of Gd®* that influences
spin-spmn relaxation The ongin of this signal 1s not clear, and it 1s possibly
to be due to the oxygen non-stoichiometry coupled with a structural tian-
sition ' . K o
Sample 4 evidence a rcsonance signal typical of the Gd®* ioms in supe1-
conducting “black” phase This indicates that the substitution of the non-
magnetic yttrimum with gadolmium also leads to the appearance of a super-
conducting phase

Gd 1ons aic 1 the spm-only S-state and behave as paramagnetic local
moments In this situation, one may expect the spin-lattice relaxation mecha-
nism to have little effcet on the lmmewidth. The shape of the resonance 1s
determined by spm-spin relaxation [8] The lme shape was found Lorentzien,
indicating the piesence of exhange narrowing Accoiding to' the general theory
of magnetic 1esonance, the cxhange:integral can be obtained from the Weiss
" temperature of. the magnetic suspectibility -

0 =22J - S(S 4 1)/3ks “ (1)
where z —'4 is the number of nearest neighbois [11] and 'S =%f0r Gd3+.

The mverse of the static susceptibility as a function of temperature obtai-
ned by the’Faraday balance method is presented mn Fig 4 Susceptibility
investigations performed in GdBa,Cu;0;_5 doesinot follow a well defined Curie—

Weiss law  The susceptibility can be fitted by (7)) = %, + TC

; i limited

_range of tempuatnre We obtamned the paiamagnetic Curie temperatuies 0, =

«, = —14 K and 0, = — 24 X for samples 1 and sample 3 respectively

These negatlve values, of 0, reflect antiferromagnetic interactions and sﬁg—
gest the presence of antiferromagnetism ordering 1n these materials at low. {em-
peratures and also the eklstence of the dipole-dipole mnteractions
' By usmg, the experimentally determined 6, values we get the exhange
mtegtal J =392-1077 (erg) and J= 672 - 10 17 (erg) for sample 1 and sample
3, respectively )

' Conelusions.” We have obseived that the existance of the magnetic moments
as shown by EPR and susceptibility measurements depends considerably on
the treatment of samples The resonance of Gd*®7 indicates the presence of
two phases “black” and green that mfluence the EPR parameters. We
evidenced at room temperature the presence of a nairowed line superimposed
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Fig. 4 The mverse of the Stﬂ.tlc susceptibility (1/y) as a functlon of temperature (7) from sample
- . 1 and sample 3.’

‘

over the characteiistic Gd®* line ’l‘he origin of this signal 1s not clear Merasue-
ments of static susceptibility 1eflect the antiferromagnetic iteractions and the
fact that 6, is function of heat' {1eatment of samples The exchange mtegrals
have been also derlved fo1 .these samples
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SPECTROSCOPIC STUDY AND DETECTION OF SOME HALOGENATED
HYDROCARBONS BY 04 LASER METHOD »

1
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’

ABSTRACT. — TLaser optoacoustic spectroscoplc study of some halogenated
hydrocarbons, 1n the spectral range 9—11 um, are reported The wavelenghts,
for each molecular ‘compound, at which the absorption cross sections are maxi-
mum 1n the investigated spectral range are chosen The trace detection m air
for halogenated hydrocarbons was performed

~
<

I. Introduction. The monitoring of pollutants and toxic substances, both
Close and far from the emission source [l, 2,8], represents a special interest.
The \irradiation of a sample with a laser tuned on one of. their fundamental
vibrational frequencies leads to their excitation Deexcitation, predominantly
by c01hs1ons of the molecules of the sample, produces a heat rising, respect1ve1y
an increase of the gas pressure i the cell 4, 5] By modulating with a certain
frequency the intensity of the laser beam, the pressure variations, AP, detec-
ted with a condenser microphone (or with électret) are converted into an elec-
tric signal, the optoacoustic (OA). signal [6, 7] The OA signal depends on
the following parameters the incident 1adiation power, the modulation fre-
quency , the concentration of the absorbing gas, i the cell (up to the satura-
t1on level), the nature of the absorbing gas through the absorption cross sec-
tion, the nature and pressure of the buffer gas

The increase of the signdl/noise ratio [8] is done by a convement choice
of the previously presented parameters , '

1T Experimental. The expermmental OA setup, Fig 1, used for obtaming the absorption
spectra and the detection of the halogenated alkanes traces [9] 1s composed of COCW frequency
stabilized laser, mechamical chopper with frequency range 4—4 000 Hz, LM2 powermeter, Car-
Zeiss Jena, frequencymeter, absorption cell endowed with condenser mmrophone lock-1n nano
voltmeter of 232B TUnipan type, HeNe laser for the alignment of the OA'dev1ce componentsl

The following halogenated hydrocarbons were analyzed halogenated alkanes — 1odoform,
dichlormethane and cloroform, halogenated alknenes — vimylchloride and trichlorethylene

The air at atmospheric pressure was used as a buffer gas

The mcident radiation power was mamtai-
ned at 02 'W and the modulatlon frequency was

TII. Results and discussions. For
the identification of a certain molecular
compound from a multicomponent mix-
ture is necessary to know its absorption Fig 1. Experimental OA setup

¢ GRATING

i

* Institute of Isotopic and Molecular Tethology, PO. Box 700, R—3400 Chy-Napoca, Romama.
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Fig 2. The OA absorption spectra for halogenated alkanes in the 9—11 pm spectral range

spectrum in a large spectral ‘range The previously enumerated compounds
were mvestigated 1 the emission range of the CO, laser, 9—11 pm, where
these compounds have .specific cross sections [10]

Fig 2 'presents the absorption of halogenatcd alkanes, whereas in Fig 3
the absorption spectra of halogenated alkenes are showed.
. From the absorption spectra presented in Ii1g 2 and 3 the Wavelengths
for each molecular compound at which the absorption cross sections are maxi-
mum in the mvestigated spectral range are chosen, Table 1. .

Table 1

The wavelengths at whieh the analysed molecular
compounds present' speecific ' absorption cross seetions

Substance ' Ay (pm) Apm)

1odoform ‘ 10 72 10 65

dichlormethane 10 74 10 76 .

Lo 10922 ’
cloroform 10 78 1078 -
vinylchloride 1049 10 61 :
trichlorethylene 10 59 10 59

10 69
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([gv)’ ‘ The trace detection in air for
halogenated hydrocarbons was perfor-
med for cach substance partly at
o the wavelengths, previously specified

o CHOy In the spectral range 9—11 pm,
° i, ¢+ at the wavelengths 1, the investi-
gated molecular compounds present
maxunum values of the absorption
cross sections For better trace gas
detection of these compounds m air,
the use of one of the 2, values 13
recommended The wavelength tor the
sample wrradiation, X, used for their
trace detection in these measurements,
are specified in the Table 1, for each
compound

1 . Thus, ppm of halogenated alka-
nes 1 air were detected, exept dic-
L hlormethane

The trace detection for viﬁylc-
hloride and trichlorethylene 1n air is
102 t } ; =  presented i Fig 5.

we o w0 Pyl Pror In Fig. 4 and 5 the ratio of the

Fig 4 The detection of the hal ted alkanes 2bsorbing gas pressure, P,, and the

‘e e deree mn(l)n aﬁ ogenated wRAIS T total pressure in the cell, P, that

. 1s the concentration of the absorbing

gas, 1s tepresented on the abscissa whereas on the ordmnate scale the OA
signal 1s represented.

Due to the fact that the halogenated alkenes present absorption cross
sections greater than that for alkanes, 1n the investigated spectral range, tenths
of ppm of alkenes in air were detected

Conelusions. The necessity of OA

7 spectra registration for various molecu-

Y 8 Gt P2 / lar compounds results from the mneed of

o Cply WP wavelengths determination at which, the

absorption cross sections present maximum

values m the investigated spectral range.

These wavelengths are recommended to be

used in the trace detection for each sub-
stance.

The lowering of the limit for trace

. detection can be done either by incicasing

eipe the incident radiation power (up to the

appearance of the saturation effects;, or

Fig 5 The trace detection for halogenated DY eXtendmg the spectral range. The aim

: alkenes 1 air is to find eventually other wavelengths at

14

i
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1
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which the absorption cross sections are larger, or to increase the signal/noise
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ratio [11] (cell geometry, microphone sensitivity, cell walls manufacture,
substance’ purity etc.). ’

> 0O N

—

(SRl Jo ]

‘
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METHOD AND INSTRUMENTATION FOR THE STUDY OF, '
FERROELECTRICAL, PROPERTIES OF CERAMIC MATERIALS

AL. NICULA* and LIANA SANDRU**
- [

Reberved s Aprst 18, 1989, . : v «

. R . y 1 , "
ABSTRACT. — ‘Theexperimental -methods, the jnstallations designed by the
anthors to visualize, the hysterests loop, are presented and ‘then, by means
of experimental data, ihe variation curves of static susceptibility, differential,
dielectrical .constant and. differential susceptibility depending, on the electne
: field, aze, traced .. . L .
' S . Y ' FIN .t
P

o ! u . * . L oo

_ Introduetion. FérrGelectrical substances, based on,BaTiO} Keep beitig studied.
and investigated in technical literature to modify composition, structure,. even
distribution of different:additives'in the ferroelectrical mass and<size .reductions
below 1 pm of grains making up ferroelectrical ceramic materials [1—9].

Experimental methods. Technical literature presents a number of methods and installations
to measure ferroelectrical properties [6, 8].

For hysteresis loop study of ferroelectrical ceranuc materials an installation was designed
and manufactured, and its block diagram is shown in Fig 1 This installation consists of tran-
sformer 1, amplifier 2, supply apparatus 3 of £:30 V dc for amplfier current supply, transformer
TIT and block 4 to visualize the hysteresis loop on oscilloscope 5

In Fig. 2, the supply apparatus and the amplified consist of transformer 1 providing a
voltage of 4—5 V a.c. .

The signal obtained in its secondary windmng is introduced into amplfier 2 made up of an inte-
grated circuit BA 741. This amplifier end stage consists of 2 complementary transistors of BD
273 and BD 238 type, obtaining a mean power amplifier It feeds the voltage step-up transformer
TIT (220 V/9,000 V — 50 Hz), The block 3 represents the supply apparatus 2 consisting of tran-
sformer TR which produces, in the secondary winding, alternating voltages resulting, by recti-

fication and stabilization, in direct voltages of 30V feeding the amplifier.
Fig. 3. shows the simplified diagram 1in

which the supply apparatus and the supply appa-

1 ¢ 5 ratus 1n Fig. 2 are replaced by the audio gene-
/ r‘j / rator. The nstallation, presented and manufac-
7 tured, was used, after calibration, for vizualizing

- A{_i}__@] the hysteresis loop for Ba T10; and rutile ceramuc

C _ samples The polarization calculating relation 18

Eod
p CoU, Q 4C,U,

30V . s 5 W

/ The relation (1) shows that polarization

3 measurement consists 1n deternuning the condenser
area S and voltage U, Voltage U, 1s applied

Fig 1. to the honzontal inlet X of the oscilloscope, being

* Universsty of Clu)-Napoca, Department of Physics, Romama,
*% IPG — Plotests, Department of FEA, 2000 Plowgyh, Romama
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7500

220\/9’_0
WHz & —ffo

LT N t

proportionial to 'freld E, “which' polarizes the electrical sample and voltage U, on 'the standdrd
condenser C,:'1s applied on plates 'V wluch provide vertical deviation.

For the diagram m Fig 3, it was set for Co = 0;47 - 1079/2 m'F. Vdltage U, ‘on' the stan-
dard condenser 115 Uy = U, ='Q,/C,, wheie Qg1 the load on the condenser plate. Voltage Ul =
= CoQ = CoSP = P =U,IC,S, Uy =y, 2 V/dlv 2n4,V-- The horizontal and vertical axes
of the osallpscope  were calibrated in. polar17at10n umts [C/m?] and electnc field umts [(V/m],
te U3.~PandU~E AT

To calibiate the mstallation i "F1g 3 for setting out the cycle P = P(E), the. factors of
proportlonullty o« and B between the values P and E are determined, 1e.

8
102 C,S

‘ ' 141 40 If Vs
— 2404092 - 10°
h 102 I

it T o o Lt
where 'hi= 2.3 . 1073 represented sample thick | GENERATOR '
ness, -m; 141— divisor (140 +4/1) characterstic to ; A\UDIO‘

the diagram in the measuring installation - / \ o

P[C/m?] = «P[div], where o = 109 “[C/m’]

E(V/m] = BE[dwv], where B = div ;

; D L 1

Experimental ‘Results ,Interpretation.
Using the wiring diagram of the installa- ; ;
tion 1 Fig. 3; 'the hysteresis loop in ..X, J2H0
Fig 4 were visualized on the oscilloscope. [-'-’ o c
Each loop in the'figure' was photographed . 23 uF/ 7
on the relectionic - oscilloscope ‘scieen and L ; -, I HH 1600V
corresponds to a certain value'of field E, Fig.'s,
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Uy {4y <P {dn)

S0

L0

30,

N 1 1 1 1 ' 3
00 05N ST
Fig 4 'ig 5 Tig 6

Using data resulted from I'ig 4, the calibiation cuive in Fig 5 1s repre-
sented. This cuuve (P = P(E)) seives lo dctermine the static susceptibilily y,,
the differential dielectizc comstant e; and the diffciential susceptibility

In Fig. 6, usmng the data ddlermincd by ratio P/E == y,, the vaiiation

=y (E) 1s repiesented The ditterential diclcetric constant ¢ = y, 4 1
allows to aualyse the fennodectiical material behaviour m dynamic coudition.
" In Fig 7, the varation caive 1(P=

‘ = P(E)) and the vaunation curve 2(y,=
\ = y2(E)) obtamed irom graphical der1-
80 ’ vation of cuive 1 are 1epresented.

Conelusions. Tt 1esults from the te-
chmical literature that the ferroclectrical
matenals keep bung studied 1o mmplove
ferroelectireal pioprities by elaboiating
uew lcchnologycs of preparing teiioc-
lectiical layer materials, meicasing mate-
11al density, decreasing grain sizes below
1 pm and 1educiug encigy consumption
when preparning diuferent materials based
on ceramnic materials

The mstallation for wvisualizing the
hysteresis loop of fetroelectrical cera-
mic materials was designed and manu-
factured. Using experimental data, the
ar ‘ . 1 "] curves were tiaced and the static suscep-
0 200 <00 600 o0 000 1200 tibility, the diferential dielectric coun-

stant and the differential susceplibility
Pig. 7 2 were sludied.

£ {iPlc/mzl

a.

<
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1

ABSTRACT. — This paper offers a calculation formula for thermal conducti-
. vity of sodmum vapour m the range of 600—1250°C at 001, 005, 01, 05
and 1 atm, obtamed by fittng the expennmental data of Stefanov et al Thm
formula was obtamed by applymg Gauss criterion to a family of functions
with numerical coefficients, given by the least squares approximation method

at each of the consideired pressures
T

i

1 Intreduetion. Processing and interpretation of the mformation obtained
by experimen s with alkaline metals 1n liquid or vapour state 1equires — among
others — knowledge referring to the transport properties of the working medium
This paper gives the values of the thermal conductivity for sodium vapour
in the range of 600—1250°C, at pressures of 00L, 005, 0.1, 05 and 1 atm,
obtamed by fitting the experimental data of Stefanov et al [1]

2. The {fitting funetion. The experimental data of Stefanov et al. reffering
to the thermal conductivity of sodium vapour are presented in Table 1, they

Tabel 1

Thermal conductivity of sodmm vapour % - 10* (kcal/mh°C),
expernmental data of Stefanov et al [1]

platm )
¢(°C)
001 0.05 01 05 10

627 308

727 293 375 427

827 310 339 370 524

927 336 348 363 455 526
1027 363 369 377 429 478
1127 391 395 399 429 469
1227 421 423 426 444 465

were obtained with an average crror of 209, [1] Sodinm vapour can be con-
sidered according to the transport processes theory m alkaline metal vapour
as an ideal reactive mixture with an atomic component and a molecular one
The ideal behaviour deviation — 1 the real vapour case — does not modify
the state parameters in the above mentioned range, more than 19, [2]. Meeting
some experimental necessities of their own, the authors mtended to evaluate
the thermal conductivity of Na vapour at somne other values of temperatuie

* Institute for Nuclear Power Reactors Pitests, PO BOX 78, 25930 Pilesti, Romama
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too excepting the ones presented in Table 1, using in this respect, fitting
methods. Applying Gausslcrl’ceuou [3] to a famlly of several functions, finaly
we chose the formula:

R(t) =ae¥ 4 ct 4+ d (1)

where thermal conductivity, %, of sodium vapour is expressed in kcal/m - h°C
and the temperature f in degrees Celsius, mentioning that the values of the
numerical coefficients a, b, ¢, d are established by the least squares approxi-

mation for each isobar separately In other words, five systems of nonliniar
equation of the type

a ¥ oo 15‘_, t,e" 4 d fv" M= ; ke
az;‘, te®h 4 ¢ 2 12"+ d; te = ;k,t,eb"
agt,eb’» +c§,t? +d§;, t, =2;,k,t,
aY +¢cYt, +dN = Y%

have been solved, where N 1s the number of the pairs (4, &), corresponding
to each isobar.
The numerical results obtamned by this method are presented in Table 2,

while m Fig 1 the corresponding diagrams are traced, this noticing a good
concordance with the data reported ‘by Stefanov et al.

3. Discussion. Taking into consideration that function (1) approximates —
— as onc can see — the data of Stefanov et -al very well, we consider that
it can be successfully used in processing and interpreting the results obtained

—

K A0tk ol/mEP0)
o
S

wvi

I=]

=4
L]

.

L0 |

) 800 900 1060 Y 1200 1300

2
-

60 700, )

I'ig 1 Thermal conductivity of sodium vapour, % -10!(kcal/mh°C) as a functjon
of temperature, (°C); . data enclosed in Table 1, — data enclosed in Table 2.
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Tabel 2

Thermal conduetlvity of sodium vapour # 10 (keal mh C), numerlcal

1esults ohtained with form.

(1)

atm
§°C) platm )
001 005 01 05 1

01 02 03 04 03 06
627 308

630 307

640 302

650 299

660 297

670 295

680 293

690 293

700 292

710 292

720 293

727 293 375 427

730 293 373 424

740 294 366 415

750 295 360 407

760 297 355 400

770 298 350 393

780 300 347 388

790 302 344 383

800 304 342 379

810 306 341 375

820 308 340 372

827 310 339 370 524

830 311 s 339 369 521

840 313 339 367 512

850 315 339 365 503

860 318 339 364 495

870 320 340 363 487

880 323 341 362 481

890 326 342 362 474

900 328 343 362 468

910 331 345 362 463

920 334 346 363 458

927 335 347 363 455 526
930 336 348 363 454 523
940 339 350 364 450 514
950 342 352 365 446 506
960 345 354 366 443 500
970 347 356 367 440 494
980 350 358 369 437 490
990 353 360 370 435 487
1000 356 363 372 433 484
1010 358 365 374 431 481
1020 361 368 375 430 479
1027 363 369 377 429 478
1030 364 - 370 "877 429 478
1040 367 373 379 428 476
1050 370 375 381 427 475
1060 373 378 384 427 474
1070 376 380 386 427 473
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cntd.
01 02 , 03 04 05 06
1080 378 383 388 427 472
1090 381 385 390 427 471
1100 384 388 393 427 471
1110 387 391 395 428 470
1120 390 393 398 428 469
1127 392 395 399 429 469
1130 393 396 400 429 469
1140 395 399 403 430 468
1150 398 402 405 431 468
1160 401 404 408 433 468
1170 404 407 410 434 467
1180 407 410 413 435 4167
1190 410 413 416 437 466
1200 413 415 418 439 466
1210 416 418 421 410 466
1220 418 421 424 443 465
1227 420 423 426 444 465
1230 421 424 427 445 465
1240 424 426 429 447 465
1250 427 429 . 432 449 464

within the vaporization and/or boiling sodium tests Using formula (1) one
can calculate the thermal conductivity of sodium vapour at temperatures higher
than the max limit considered by the experiments of Stefanov et al. However,
1t must be underlined that, for 1 atm isobar the experimental values we dis-
posed of were relatively iusufficient, which 1mplies caution i using the cal-
culated values of % fo1 the above mentioned case.
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ABSTRACT. — Acceletations exisient 1 the thud order nonlinear differential
equation of some fast dynamic phenomena aie determined A new mathematical
method 1s used to calculate them, which I called “the method.of successive
groups”’ .

1 Introduetion. In tlus pape: the accelerations existent m the thiid order
nonlincar differential equation of some fast dvnamic phenomena are deter-
mined ‘

To calculate them a new mathematical methods used, which I called
“the method of successive groups”.

Inn view that the order of acceleiation be given by the order of the der1-
vative, space x was called zero oider acceleration, velocity x was called: li1st
order acceleration, and deitvative % was called second oider acceleration.

)

2 Deseription of the methed, Ict us have

as(t)x 4+ ay(t)x 4 (1) (%) + aolt)x = A(t), (1)

the diftcrential equation of a fast dynamic phenomcnon, witl the given mitial

(%) (¥)
conditions x(0) = x,, (¢ =10, 1, 2).

The coefficients a,(t), ¢ =0, 1, 2, 3) and A() are coutmuous [uunctions
on an nterval [0, a], a >0, a,(f) # 0 when [ = [0, a] ‘

By introducing “the grouping functions” F(t), G(¢) and H(¢), equalion (1)
is converted mto the system of differential cquations

%= G(t)[ay(t)]7 (2)
%= [F(t) — G)][a(0)]7 (3)
(&) = H(t) [ay(6)] (4)
x = [A(t) — F(t) — H{#)][ao(t)] ™ (5)

% Polytechnscal Institute of Clug-Napoca, 3400 Cluz-Napoca, Romama,
i



EQUATION FOR FAST DYNAMIC PHENOMENA 91

. By integrating {2) and (3) it.follows

¢

o+ {6 a1 s, e

B
Py

Ay
<t

#(t) = o + | [F(s) = G(5)1aye) 1 ds. O

From (3) and (6) one oblains

¥

[F0) — GO = Fo + [ G as)1 ds. ®

\

From (4) arlld (7) it follows
1° ¢ '
¥ = o+ { [F(5) — G(s)1ea(s)1 7 ds. (©)

0

{H () [aa()]7)
By integiating (4) we have ‘
1(0) = o + { {H(s)[a5(5)17° ds (10)

From (5) and (10) one obtalns .
1

[4() = F() — @)1 = % +{ H) ()17 ds. (1)

. 0
Expressions (2), (3), (4), (5), (8), (9) and (11) make up a system (S) of
7 cquations with 7 unknown quantities

Y, =0, 1,2, 3), Fi), G, H)

3. Determination of system (8) solution, The approximate solution of
systum (S) 1s determined by a method of numerical integration On the inter-
val [0, a], a > 0,0 we apply a method analogous to that: of polygonal lines.

We divide the mterval [0, a] thlough the pomts by = k —, k=1, m, and

we constder the quadrature formula

Sf@aziZqu, k=1,2, ..., m). ’.”(w
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By writing that system (S) 1s verifted fo1 7, = k<, and by using formula
wm

{12) for the approximate caleculation of the integials, we obtam a systecm ol
7w algebraic equations with 7m unknown quantities

EERIE R

Sl o R | B

[l = (e (2 o
)= e )] o
)=o) =2 2ol =5

(k=12 . ,m)

The unknown quantities of system (13) arc

() a ~ ( a
i) #e2). ofr2) (o)
m m M "

(t=0,12 3), (k=1, 2, , )

The constant x, 1esulls fiom (1), fo1 £ = 0.
The value of comnstants IF(0), G(0), H(0) aie given by the relations

F(0) ="9‘:'o 3(0) + ";u a,(0),
G(0) =%, a5(0), H(0) = (%,)° a,(0)

Iu numerical values, the solution of system(13) is obtained by the known
methods [1].
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®
The variation diagrams of accelerations x(f), (¢ =0, 1, 2, 3) and of the
“grouping functions” F({), G(¢) and H(f), on the mterval [0, a], a > 0, are
constiucted through points
The given method 1s valid for the lwear or nonlinear differential equations
of any order.
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ESR, IR AND MAGNETIC ‘SUSCEPTIBILITY STUDIES ON
xV,0,(1 — x)[2B,0, - 11,0] GLASSES a

0. COZAR*, I, ARDELEAN*, I. BRATU**, GH. ILONCA~ and S, SINMON*

ADBRSTRACT — ESR nvestigations of xV,0;(1 — x) [2B,0; L1,0] glasses with
05 < x < 50 mol % have shown that the geometry of VO3t complex 1s dis-
torted from Oh toward C,, with the increase of V,0; conlent. Tlus fact and
IR data suggest that the V,0; oxide 1s a former network at lugh concentration
Also, the magnetic susceptibility investigation show that only a small fraction
of vanadium tons ate 1n the Vi+ valence state and the Ny, + INys 4 Talto decrea-

ses when the V,0; content increases

1. Intreduetion. Vanadyl 1on (VO?7)incorporated in glasses as a spectios-
copic probe has beenn measuted by seveial 1esearches [1—10] m order to cha-
racterise glass structuie. This mvolves many particulai aspects as the geometry
of stiuctural umits ot the glass network, the character ot chemical bonds 1
glasses as well as the coordination polyhedra (local synmumetry) of tiansition
metallic tous and 1ts change with the composition of glasses

Thus, Bogomolova et al. [5] and Hosono et al [7] have found two sets
ol hyperfine structure for vanadyl 1ons m some phosphate glasses containing
Mg, Zn, Be, Cd as modifier cations

Toyuki and Akagt [3] pointed out that the ligand field absorption eueigy
AE, =B, —Ex of VO?* sensitively reflected the electron-donating ability of ligand
oxygens coordinating at cquatorial positions (Oe) ol VO2+ — complex However,
Hosono et al [6] have shown that the respouse AE of VOt is associated
not diectly with Oe but with Oa (vanadyl oxygen) which is 1solated from the
glass network

Recently, we {11, 127 have shown by ESR method that in the x(CuO -
- 1V,0;) (1 — x) [2B,05 - K,0] glass systems with 0 € x € 40 mol % and
n = 2,3, the C4 distortion of VO** complex tends to relax towaid O, sym-
metry because of the sixth oxygen atom coordimated in the transposition ot
the vanadyl oxygen

In the present woik, the influence of the V,0O, content on the local symme-
try and interaction between vanadium 1ons m lithinum-—borate glasses has been
mvestigated by ESR, IR and magnetic susceptibility methods.

2 Experimental. In order to obtain further informations on the local symmetry and interac-
tion belween metallic 1ons i oxide glasses, we have studied the xV,0;(1 — x) [2B,0; - L1,0]
glasses with 05 < x < 50 mol 9, mamtaming the B,0,;/L1,0 iatio constant Thus, 1nitially, the
glass matrix 2B,0; - 11,0 was piepated by mixmig H;BO,; and Li1,CO;, and melting then this admix-
ture in a sintered corundum ciucible After cooling, the host glass was crushed and the resulting
powder mixed with V,0; before final melting at Te = 1150°C for 1 h. The melting glasses was
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pouted onto a stainless-steel plate The structure of glasses has been studied by X-tay diffiaction
analysis and did no reveal any crystalline phase up to » = 50 mol %

The ESR measurements wele petformed at 9 4 GHz (X —band) using a standard JEOL—JES
—3B equipment, at the 295 K IR absoiption spectia m the iauge 400 to 1700 cm™ were 1ecorded
i KBr pellet form on a Carl Zeiss Jena spectrophotometer (UR 20 model) The magnetic data were
obtained using a Faraday type balance i the temperatute range 80 to 300 K.

3 Results. 3 1. ESR specira ESR spectra obtained at room temperature
for glasses with small content of V,0, (x < 5 mol %) show a well resolved
hyperfie structure typical {or 1solated vanadmum tons m a ligand field of Cyy
symmetry, presented as VO:* species (Fig 1) These are snmilar with the spec-
tra 1eported by previous woikers [1—9] for vanadium ions i other oxide gla-
sses and may be analysed by an axial spmu Hamiltonian

i — Bolgn H:S: 4 g1 (H,S, + H,S,)]1 + Ay S:L. + A, (S.1, + S,1,) (1

Hete B, is the Bohr maguecton while g, g; and A, 4, are the compo-
nent of the g — tensor and hyperfine structure tensor, respectively H,, H,

M hc lustered  ions:

'

. x=1mol % A x =40 mol %%

Fig 1 ESR spectra of a4V,04(1 — x) [2B,0; IL1,0] glasses at 295 K,
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H., aic components of the magnetic field S,, S,, S; and I,, I,, I, aie the
compouent ot the spin operators of the electron and the nucleus, respectively
The magnctic field positions of the parallel and perpendicular hyperfie

peaks takiug into account the second oider perturbation terms, aie given by
[7, 9]

A% 63 .
Hy () = Hylo) = mdy = 5-dey (? B W} (2)
Il
2 2
H,(m) = H(o) —md) — ——(Ai[;(g)l) (6743 - '"2) (3)
L

Heie m is the nuclear spin magnetic quantum number taking the valucs
+7/2, £5/2, £3/2, £1/2, Hy (o) = hv/g, B, and H(p) = Iv/g B, O ther no-
tations have the usual meamng

The ISR parametets obtained for the studied glasses are given m Table 1

The covalency degrees of the mn-plane V—O o bonds (B}) and of = —bonding
Table 1

ESR Parameters, bonding coeliicients and Fermi confaet terin values for studied glasses

9 2

ol %] gy g [mf 1] [10—f om-] B (=« K
0.5 1941 1997 1707 61 4 081 083 077

1 1941 1998 173 5 630 08l 087 0,77

3 1945 1999 174 1 643 076 090 079

5 1.944 1.997 173 8 642 077 083 079

10 1.941 1998 176 3 68 5 08l 087 083

20 1941 2 000 176 3 67.1 081 093 08t

30 1.940 2 000 176 2 715 082 093 087

40 1.937 1998 177 3 713 086 087 0.86

with the vanadyl oxygen (e2) svere evaluated with the help of LCAO—MO scheme
developed by Kivelson and Lee [13] We have taken the spin-orbit coupling
constant A = 170 cm™ [13] and the energy transition A, = B, — B} and
A} = B, — & of 16800 cm™, and 10500 cm ™Y, respectively [3] Also, having
m view the results reported by Toyuki and Agak: [3] we have considered
3 =093 for the studied glass system. The values obtamed for B2, (1 — &2)
and Fermi contact (K) parameters are given m Table 1, too.

The shape of ESR spectra 1s modified with the increasing of vanadium
ions content (Fig 1). This consists from the paitial disappearance ot the va-
nadyl hyperfine structuie and the appearance of a broad lime at g ~ 196 va-
lue chaiacteristic for the dipole-dipole coupled 1ons Thus the spectra obtained
for x > 20 mol %, may be considered as the 1esult of the superposition of two
ESR signals, one with resolved hypeifine structure typical for 1solated VO*T
ions and one consisting fiom a bioad line without structure typical for asso-
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ciated ions [9]. Their number increases with
the V,0O; content The concrete shape of the
ESR spectra depends of the relative weight
of the concentration of the two types of
V4t 1ons

The modification of the ESR spectra in
function of the V,0; content 1s illustrated
by the ratios of the heights of some hyper-
fine peaks {rom the parallel band (Fig. 2)
The Ig/Ig 1atio 1ncreases together with the
V,0; content because I 1s situated close on
the maxiunum of broad line due to the clus-
tered ions (Fig 1) and thus its height incre-
ases with the number of clustered 1ons Their
contribution at the I peak 1s not sigmificant
The I/l ratio practically remains constant,
both peak bemng situated near to the extre-
mum positions of the broad lme Thus the contribution of clustered ions at
these hyperfine peaks 1s the same

As a measurement of the ratio between clustered and isolated iomns (I,/I,)
we have considered [9]-

Fig 2 The composition dependence of

the ratios between some hyperfine peaks

from the paralell band and of the clus-
tered/1solated 1ons (I,/1,).

I, —al
( L _ _6x *sc (4)
I, L4 ast
where Ig, vand +Ig, are the 4 . .
heights of tlie 6 and 8 pe- ,f - /ﬁ S
aks from the parallel spec- - S . =1
trum of the sample with o N7 ¢

x (mol 9% V,0;) content
and e« 1s the value of I/l
ratio sample with x =05
mol 9% We have considered
that in glasses with x < 05
mol 9%, all V4* 1ons are ma-
nifest as isolated species
The variation of (I,/I,) ra- 4
tio versus V,0; content is
shown in Fig. 2 It can be /
observed that for x > 40
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mol 9%, dominates the spe-

cies of clustered ions Lol 1

39. IR Spectra. Fig 3“5 W0
shows the IR spectra of
xV,0;- (1-x) [2B,0,-Li,Q]
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glasses These contain the absorption bands characteristic for 2B,0, - Li,O glass
matiix and also for the piesence of V,0; oxide

The band which appears at 720 cm™ in the IR absorption spectra of
vitreous B,0, and which was attributed to the bond-bending vibration of the
B—O—B groups [14] appcars also in the IR spectra of studied glasses at
about 700 cm™1.

Another important band of vitreous B,O; at 1265 cm™! characteristic for
B—O stretching frequency is also maimntained in the spectra of om glasses as a broad
feature around 1250 cm 1. We note that these B—O bouds involve B3+ atoms
The band which appears at 1070 cm™ may be also attributed to stretching
vibration of B—O bonds, but these bond involve B** atoms [14]

Another broad band is centered at around 1400 cm™ As already repoited,
the characteristic B—O <C stretching 1s assigned to a broad band from 1428
to 1333 cm~! 1n Na,0—B,0, glasses [15] and to a broad band at 1450 cm™
1n crystalline B,O, The fact that for our samples this band appears at lower wave
number than 1n crystalline B,O,, confirms the amorphous nature of these samples
[16]

The presence of Li,O in the vitreous matrix leads to the appearance in
the IR spectra of a little intensity band at 410—430 cm~™. In our case this
band occurs at 415 ecm™! indicating the existence of 2B,0, - 1i,0O structural
umts in the studied glass system [17].

V,0; oxide determines the appearance in the IR spectra of two absorption
bands at 950 cm™ and 1070 cm™t. The 1070 cm™! band 1s characteristic for
vanadyl V = O bond and the 950 cm~1 band may be attributed to V—O bonds
and also to the polyvanadate (clustered) ions formations [18].

The intensity of the 950 cm™1 band increases with the increase of V,0O;
content, while the 1070 cm™ band decreases.
The compostition dependence of the ratio between the two absorption bands
(Aigp0/Ags0) 1s presented in Fig 4
This suggests that the number of
V — O bouds or polyvanadate ions
formations increases more rapidly
than the number of V— O bonds with
the nciease of the V,0y content.
Also the variation of the Ag,o/A.g
ratio veisus x(V,0; mol 9,) shows
(Fig. 4) that the number of V=0
TTTe—,  Dbonds 1s slowly modified with the
e, change ot the glass composition. -

33 Magnctic susceptrbriaty data.
The tempcrature dependence of the
reciproecal magnetic susceptibility of
the various glasses from this system is

3 0 20 o 10 5 presented 1n Fig. 5 For these glasses,

L ¥ 1m0l %) in all concentration range of vanadi-
T'1g 4 The composttion dependeuce of the IR um 1oms, a Curie law is observed.
.. absorbtion bands. : This suggests that the predominant
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, *1g 5 The temperature dependence of the reciprocal magnetic susceptibility.

part of vanadium. ions are magnetically isolated and that no magnetic order
1s. present This behaviour agrees with the ESR study conslusions.
Tosdetermine accurately the values of the Curie constants, Cy and atomic
magnetic moments, g, & correction due to the diamagnetism of the glass matrix
and: V,0; was taken mto account The composition dependence of the Curie

constants, Cjr 1s presented m Fig 6. The values of the Curie constant, which
is proportional to the paramagnetic 1ons concentrations, increase with vana-
dium ions concentration Having 1 view that the Curie constant is

v . N - p.ff

C=—__"4 (5)

3K
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Fi1g. 6 The composition dependence of the Curie constant.

it results that this depends on the square of the effective magnetic moment.
The experimental values of Curie constants and of the atomic magnetic moments
obtained for these glasses are smaller than those which correspond to V,O,
content, considering that all vanadium ions are in V** valence states. In this
way, we suppose that 1n these glasses are present both V4% and V5* ions, the
last being diamagnetic The presence of V4" 1ons and their increase with V,0;
content was evidenced by ESR measurements (Fig 1, 2). Other valence states
of the vanadium ions in oxide borate glasses, ip to now, have not been eviden-
ced [1-9].

In this case, having, in view that the atomic magnetic moment of free
V4+ 1ons 15 uyes = 173 pp, which was usually observed in paramagnetic salts
[19], we have estimated the molar fraction of the vanadium ions which are in

V4+ valence state (Table 2, notated by y). It results that only a small fraction
of vanadium ions are in V%7* valence state and this fraction decreases when
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the V,0, content decieases. From these data we have estimated the Nyg,/Nysy
ratio (Nv4+ and Nysy are the molar fraction.of V4t and V5+ 1oms, 1espect1vely)
These ratio decreases when the V,0, _content increases.

.4 Discussion “and .Conclusions. ,The small values of-. the Feimi contact
term (K < 0.79) for glasses with.x <5 mol % suggest a. hexacooldlnated geo-

|~.J ! H i

y ! .’ . : ! Tablez

" . Curie constants, amount,of the mnadlum ions In lhe VH‘ )
, " valence state (y) and Ny, [Ny;,

C

X M 3 ¥ /N
[mol % V,0,] [emu/mol] = . - [mol-%V,0,] Nyg Nysy

3 00197 1.75 1.40

5 - - 0.02279 2.00 0.67 -

10 002705 ' 240 ot 0382 a
.. 20 0.0206 ‘265 .. . 015

30 0.03221 . 2.90 0.11

40 0.03556 320 ' 0.09

50 "' 0.0413. <. 870 0.08

iy : ' - v s > R * R 1

\

[ YA v ' Ve N . Ve, ' )

metry of the vOz+ comple\ hear . octahedral (Oh) symmet1y because of the
reduction of the V—O interaction m- the vanadyl group caused by a stiong
axial perturbatmn arising from the sixth oxygen atom.coordinated in the trans-
position to the vanadyl oxygen This geometry of the VO?* complex is typical
for, high alkali (20—30 mol % Ry0'= Li,0, Na,0, K,0) borate glasses [3, 6].

The values of 3. coefficient shown an appreacmble covalency 'degree ot the
in plane V—O o-bonds This fact is also comsistent with a reduced VO in-
teraction and an increased V—O bond lenght in the vanadyl group [20],
both being related to an increase of the electron, donablhty of the four oxygen
atoms coordinated in xOy plane.

The K values increase (> 0'81) with.the increase of V,04 content (x > 20
mol %) This suggests [3] a strong, V = O interaction wh1ch makes thé bond
leght in the vanadyl group (V4*+—Oa) to be shorter than others V—O bonds
from comple\ Thus the geometiy of VO?* complex is distorted from Oh toward
Cyv, Which is characteristic for low alkali (<5 mol % R,0) borate glasses [6].
The increase of the ligand field along the O, axis is cousistent w11:h an weak-
ness of the in plane V—Oe bonds. The inciease of Bl values for glasses with
% 2 20 mol % (Table 1) shown a decreasing covalency degree of the in plane
V—O g—bonds in agreement with a C,, local symmetry of isolated vanadium
ions

Oun the other hand the stiuctural distortion of the VO?2* complex from
Oh toward C4 symmetry which 1s' correlated with the change of borate glass
composition from high alkali to low alkali suggests that in our glass system
the V,04 oxide 1s a former of the network at h1gh concentration (x > 20 mol
%) together with B,Q; oxide.
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The same conclusion results from 'the variation mode of the 1070 cm™2
and 950 cm ™! band intensities with mcrease of 'V,0, content '

The magnetic susceptibiity investigation show:that only a small. {raction
of vanadium '1ons are the "V4* valence state aud the hv4+/Nv5+ ratio decreases
when the V30O, contentiincreases. a0t

The e\pernnental results obtained {rom EPR, IR and 1na011et1c susceptl—
bility studies suggest that the V,0; 1s a former of the netwoik at high conce-
tration (x > 20 mol %) together \v1th B,0; Also, the V4* 1ons seem to be
randomly distributed in the glass matrix and experience dipole-dipole 1teractions
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The Spectroscopy of Molecular fons. (A
Discussion organized and edited by A Carrington,
FR.S, and B. A Thrus, ¥ R S) tn Philosophical
Transactron of the Royal Society of London A.
Mathematical and Physical Science, Vol 324,
pp 73—294, No. 1578, 26 January, 1988, Publi-
shed by Royal Society, 6 Carlton Iouse Terrace,
London SWIY 5AG

Molecular 1ons are mnow recognized as
major chemical reagents in extraterrestnal and
terrestnial environments where tonization occuis
Spectroscopic analyses offer the most compre-
hensive means to understand their structure and
to pursue their behaviour

The herereviewed volume consits of 18
papers, all in the field of molecular 1ons spectro-
scopy The collection opens with an account
on some major topics partammng to the spectro-
scopy of molecular 1ons, compiled by Wtt. Wing
from the Department of Physics, Umversity of
Arizona The papers following provide discussion
on the use of various techniques to obtain infor-
mation at the level of different molecula: ioms.

Thus, infrared spectroscopy of carbo-ions
(T. Oka), infrared laser spectroscopy of cations
(P B Davies), mnfrared diode laser and inicro-
waves spectroscopy of molecular 1ons (E. Harota),
photoelectron spectroscopy of reactive inter-

RECENZII

mediate 1ons (V. Butcher et al), fluorescent
excitation spectroscopy of ionic cluster contat-
ning the CFf cromophore (C Y Kung et al)
are but a few of the papers gathered in the
volume

Many of the papes are accompanied by
interesting discussion meant to better understand
the 1ssues treated.

The Spectioscopy of Molecular Ions 18 an
easy to read book.the style of the papers 1s
clear, concise and straight-forward, and also
just the right amount of prerequisite 1s provided
for a synthetic presentation of the aspects discus-
sed The concepts and techniques specific to
the spectroscopy of molecular 1ons are har-
monitously presented so as researchers may avail
thamselves of the experience of previous con-
tributors to this field of science The collection
also stands out in that up-to-date techniques
employed 1 molecular 1ons spectroscopy investi-
gations are approached and described. It 1s
mtended for student environwment, as well as
for the research milien — students and the
teaching-staff and researches may find that the
nature of the problems to be solved necessitates
rapid acquisition of some knowledge of that
subject,
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